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The cradle of the human race was beyond dis. 
pute the southern portion of Asia — a delightful 
climate, where the original inhabitants of the 
earth first lived and multiplied. Cbaldea and 
India had attained a high degree of civilization 
long before the Greeks and Romans had begun to 
emerge from a state of barbarism ; but we know 
comparatively little of the attainments in science 
villiich these nations had reached. The few facts 
which have been gleaned since the East India 
Company has established its dominion over Hin- 
dostan, will be stated in the course of this sketch. 
We are equally ignorant of the progress which 
mathematical and physical inquiries had made in 
China — ^not one of the treatises on Mathematics, 
Arithmetic, and Astronomy in the Chinese lan- 
guage having been translated into any of the Ian- 
guages of modem Europe. But the resemblance 
between the Chinese and the ancient Egyptians, 
is so very striking, and so complete, that it is dif- 
ficult to avoid suspecting that they had a common 
origin. If this were so, China, from its contiguity 
to India and Chaldea, and from the delicious na- 
ture of its climate, must have been first furnished 
with inhabitants. And the Egyptians, if ever 
they were a colony of Chinese, must have been 
transplanted into Egypt long before the com- 
mencement of history. It was from Egypt that 
the Greeks drew the first rudiments of their ma- 
thematical and physical science ; and the.scientific 
acquisitions of that singular people constitute 
every thing that we know respecting the progress 
which the ancients had made m the investigation 
of nature. 

From the genial climate of the early inhabit- 
ants of the east, and the nature of the life which 
they led, it was natural to expect that the magni- 
ficent spectacle of the heavens would speedily at- 
tract their attention. We are certain that the 
.Chaldeans made astronomical observations at 
least as early as the 27th and 28th years of the 
era of Nabonasser ; that is to say, 719 and 720 
years before the commencement of the Christian 
era : for Ptolemy makes use of three observations 
of the eclipses of the moon, which took place 
during these years, and which he found in their 
records. Diogenes Loertiiw informs us that the 



Egyptians had preserved in their annals an ac. 
count of 373 eclipses of the sun, and 832 of the 
moon, which had happened before the arrival of 
Alexander the Great m their countrv. Now these 
eclipses required between 1200 and 1300 years to 
happen. Alexander's visit to Egypt took place 
in the year 331 before the Christian era. If we 
add this number to the length of time during 
which the Egyptians continued to observe the 
eclipses of the sun and moon, we obtain 1631 
years before the commencement of the Christian 
era for the period at which the Egyptians began 
to record their observations. This period is rathor 
more than a centur^ after the death of Moses» and 
is about twenty-four years before the institution of 
the Olympic games ; constituting but a small part 
of the 48,863 years during which they boasted 
that they had been engaged in making astrono- 
mical observations. But this was obviously a fa- 
ble, invented for the purpose of raising themselveft 
intiie opinion of the Macedonian conqueror. 

What progress the Chaldeans and Egjrptians 
had made in astronomy, it is hard to say. They 
certainly had become ac(^uainted with the planets ; 
but whether the Egyptians had discovered, as 
Macrobius assures us, that Mercury and Venus 
revolve round the sun, is not so clear. Their no-' 
tions respecting the length of the solar year, and 
the mean length of , the lunation, must have been 
a near approximation to the truth. This is evr- 
dent from the famous Chaldean period called Sqtob, 
It consisted of 223 lunar months, at the end of 
which the sun and moon were in the same situa. 
tion with respect to each other, as when the period 
began. . This period includes a certsdn number of 
eclipses of each luminary, which are repeated 
every saros in the same order. 

The Chaldeans appear to have divided tjhe day 
into twelve hours, and to have constructed sun- 
dials for pointing out the hour. The sun-dial of 
Ahaz is mentioned in the Old Testament, on the 
occasion of therecovery of Hezekiah ; but nothing 
is said about its construction. Undoubtedly, 
however, such sun-dials would require a certam 
knowledge of gnomonics, which therefore the 
Chaldeans must have possessed. 

That the Egyptians had made some progxc«| 
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in mathematics admits of no doubt, as the Greeks 
inform us that they derited their first knowledge 
of that branch of science from the Egyptian 
priests. But that the mathematical know&dge of 
the people could not have been very extensive, is 
evident from the ecstasj into which Pythagoras 
was thrown, when he discovered that the square 
of the hypothenuse of a right angled triangle is 
equal to the square of the two sides. For ignor. 
anoe of this very elementary, but important pro- 
position, necessarily implies very littie knowledge 
even of the most elementary parts of mathtmatics. 
It was in Greece that pure mathematics first 
made decided progress. The works of three Greek 
mathematicians still remains, from which we have 
obtained information of all or almost all the ma. 
thematical knowledge attained by the Greeka. — 
These are Euclid, Appolonius, and Archimedes. 

Euclid lived in Alexandria during the reign of 
the first Ptolemy. Nothing whatever is known 
respecting the place of his nativity ; though it is 
certain he lived in Greece, and that he died in 
Egypt, after the foundation of the celebrated 
.^sxandrian school. He collected all the elemen- 
tary facts known in mathematics before his time, 
and arranged them in such an admirable order — 
beginning with a few simple axioms, and deduct- 
ing from them his demonstrations, everv subse- 
auent demonstration dependinc^ on, and. rigidly 
educed from those that immediately precede it — 
that no subsequent writer has been able to produce 
any thingr superior or even equal. His Elements 
still contmue to be taught in our schools, and 
could not be dispensed with, unless we were to 
give up somewhat of that rigor which has been 
always so much admired in the Greek geometrici- 
ans. Periiape, however, we carry this admiration 
a little too fiu*. The geometrical axioms might be 
somewhat enlarged, without drawing too much 
upon the faith of beginners. And were the me- 
thod followed, considerable progress might be made 
in mathematics without encountering some of 
those difficult demonstrations that are apt to damp 
the ardor of beginners. 

The elements of Euclid consist of thirteen books. 
In the first four he treats of the properties of lines, 
parallel lines, angles, triangles, and circles. The 
mth and sixth treat of proportions and ratios. — 
The seventh, eighth, ninth, and tenth treat of 
numbers. The eleventh and twelfth treat of solids; 
and the thirteoDith of solids ; also of certain pre- 
liminary propositions about cutting lines in extreme 
and mean ratio. It is the firet four books of Eu- 
clid chiefly that are studied by modem Geometri- 
cians. The rest have been, m a great measure, 
superseded by more modem improvements. 

Appolonius was bom at Perga in Pamphylia, 
about the middle of the second century before the 
Christian era. like Euclid, he repaired to Alex- 
andria, and acquired his mathematical knowledge 
from tiie successors of that geometrician. The 
writings of Appolonius were numerous and pro- 
found ; but it is upon his Treatise on the Conic 
Sections, in eight books, that his celebrity as a 
mathematician chiefly depends. 

The Conic Sections, which, after the circle, are 
the most important of all curves, were discovered 
hj the matiiematicians of the Platonic school ; 
tfaou^ who the discoverer was is not known. A 
considerable number of the properties of these 



curves were gradually developed by the Greek 
geometricians. And the first four books of ApoU 
lonius are a collection of every thing known res- 
pecting these curves before his time. The last 
four books contain his own discoveries. In the 
fifth book he treats of the greatest and smallest 
lines which can be drawn fi!om each point of their 
circumference, and many other intricate questions, 
which required the greatest sagacity an^ the most 
unremitting attention to investigate. The sixth 
book is not very important nor difficult; but the 
seventh contains many very important problems, 
and points out the singular analogy that exists be. 
tween the properties o? the various conic sections. 
The eighth book has not come down to us. The 
fifth, sixth, and seventh books were discovered by 
Borelli, in Arabic, in the library of the grand duke 
of Tuscany. He got them translated, and pub- 
lished his translation, with notes and illustrations, 
in the year 1661. Dr. Halley published an edi. 
tion of Appolonius in 1710, and has supplied the 
eighth bo^L from the account given by Pappus of 
the nature of its contents. 
, Archimedes was, beyond dispute, the greatest 
mathematician that antiquity produced. He was 
'bom in Sicily about the year 287 before the 
Christian era, and is said to have been a relation 
of Hiero, King of Sjrraeuse. So ardent a culti- 
vator was he of the mathematics, that he was ac 
customed to spend whole days in the deepest in- 
vestigations, and was wont to neglect his food, 
and forget his ordinary meals, till his attention 
was caUed to them by the care of his domestics. 
His studies were particularly directed to the mea- 
surement of curvilinear spaces ; and he invented 
a most ingenious method of performing such mea- 
surement, well known by the name of the Method 
of Exhaustions. 

When it is required to measure the space 
bounded by curve lines, the length of a curve, or 
the solid bounded by curve surfaces, the investi. 
gation does not fall within the range of elementary 
geometry. Rectihnear fij^ures are compared on 
Uie principle as superposition ; but this principle 
cannot be applied to curvilinear figures. It occurred 
to Archimedes, that'^by inscribing a rectilinear 
figure within, and another without the figures, 
two limits would be obtained, the one greater 
and the other smaller than the area required. It 
was evident that, by increasing the number, and 
diminishing the sides of these figures, these two 
limits were made continually to approach each 
other. Thus they came nearer and nearer to the 
curve area which was intermediate between them. 
He observed, by thus increasing the number of 
ndes for a great number of times successively, 
that he approached a certain asngnable rectilinear 
area, and could come nearer to it than any difier. 
ence how small soever. It was evident that this 
rectilinear area was the real size of the curvilinear 
area to be measured. It was in this way that he 
foimd that two-thirds the rectangle under the abs- 
cisBa and ordinate of a parabola, is equal to the 
area contained by tiie afwcissa and ordinate, and 
that part of the circumference of the parabola 
lying between them. In the same Vay he ob. 
tained an approximate measure of the area of the 
circle, demonstrating that if the radius be unity, 
the circumference is less than 31^ and greater 

than 3^. His two books on the sphere and 
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cjlinder were condacted by a similar method of 
reafloning. He measurefl the surface and solidity 
of these bodies, and terminates his treatise by de. 
monstrafing that the sphere (both in surface and 
solidity) is two-thirds of the circumscribed cylin- 
der. 

In the same spirit his Treatise on Conoides and 
Spheroids was conducted. These names he gave 
to solids formed by the revolutions of the come 
sections round their axis. We pass over his re* 
se£u*chcs on the spiral of Archimedes, as it is usu- 
ally called, though in reality discovered by Gonon, 
one of his friends ; but must notice the Treatise 
entitled Psammites^ or Arenarius. Some persons 
had affirmed that no number, however great, was 
sufficient to ejq)ress the number of grains of sand 
situated on the sea-shore. This induced Archi- 
medes to write his treatise, in which he demon- 
strated that the fiftieth term of a ducuple increas- 
ing progression is more than sufficient to express 
all the grains of sand contained in a sphere, hav- 
ing for its diameter the distance between the earth 
and the sun, and totally filled with grains of sand. 
The treatise is short ; but abstruse in consequence 
of its imperfect method^ of expressing numbers 
employed by the Greeks. Wdre our fiff ures sub- 
stituted for the Greek letters, the roasonmg woul^ 
be sufficiently simple and clear. 

Archimedes did not confine himself to pure ma- 
thematics ; he turned his attention likewise to me-- 
chanics, and may, in some measure, be considered 
as the founder of that important branch of physi- 
cal science. He first laid down the true principles 
, of statics and hydrostatics. The former he treats 
in his work ^titled Isoiropica or De Equipon- 
derantihus. His statics are founded on the in- 
genious idea of the centre of gravity, which he 
first conceived, and which has been so advantage- 
ously emploj^ed by modem writers on statics. By 
means of this principle, and a few simple axioms, 
he demonstrates the reciprocity of the weight, and 
the distance in the lever and in balances, with 
unequal arms. He determined the centre of 
gravity of various figures, particularly of the para- 
bola, with great ingenuity. 

His discoveries in hydrostatics were the conse- 
quence of a query put to him by King Hiero. — 
This monarch had given a certain quantity of 
gold to a jeweler, to fabricate a crown, and he 
suspected that the artist had purloined a portion 
of the gold; and substituted silver in its place. — 
Archimedes was requested to point out a method 
of determining how much gold had been purloined, 
and how much silvei^ substituted. The method, 
it is said, occurred to him all at once, while in the 
bath, and he was so transported with joy, that he 
ran naked through the streets of Syracuse, crying 
out, elpnKaj elptiKa, I have found it, I have found 
it. The discovery with which he was so deserv- 
edly delighted was this, " Every body plunged 
into a flmd loses as much of its weight as is equal 
to the weight of a quantity of the fluid equal in bulk 
to the body plunged in." This discovery fimiished 
him with the inethod of determining the specific 
gravity of pure gold and pure silver. These being 
known, he had only to take the specific gravity 
of the crown, which (supposing no alteration in 
volume when the two metals are melted together) 
would enable him to discover how njiuch gold and 
how much silver it contained. 



This first principle being known, Archimedes 
deducted from it various o'tiier well-knovhi hydro, 
statical principles, which he consigned in the first 

book of his treatise de Incidentibus in Fluido, 

The second book of that treatise is occupied with 
various difficult questions respecting the situation 
and stability of certain bodies immersed in a fluid. 

The ancients ascribe to him the intention of 
forty remarkable mechanical' contrivances ; but 
nothing more than some obscure notices of two or 
three of them have come down to us. His sphere, 
a machine by which he represented the movements 
I of the stars and planets, is one of the most cele- 
brated. It has been noticed by grave philosophers, 
and sung by poets, as may be seen in the follow- 
ing epigram of Claudian : 

Jnplter, in p-rvo com cerneret aeihera ▼Uro. 

Riwt, el ad 8iip?ro« tnlia verb* de dit • 
HocciBeraortafts pmeresst poiemm cnrtt : 

Ecce Syracosii ludimar arte eenis. 

Archimedes wrote a description of this machine 
under the name of Sphaeropceia ; but it is lost, and 
with It every thmg respecting the nature of the 
sphere has perished. * 

The burning mirrors, by which he is said to 
have set fire to the Roman vessels in the harbor 
of Syracuse, were long considered as fabulous — 
But Buffon showed how, by placing a number of 
smaa mirrors so that every one of them should 
reflect the image of the sun to the same point, 
heat enough might be produced to kindle wood at 
the distance of 140 feet. 

The protracted defence of Syracuse against the 
Komans, chiefly m consequence of the wonderful 
mechamcal mventions of Archimedes, is too well 
known to be enlarged on here. 

If we except the discoveries of Archimedes in 
statics and hydrostatics, hardly any other branch 
of physical science was much cultivated by the 
ancients. They have made, indeed, considerable 
progress m the knowledge of acoustics, so far as 
music is concerned. In optics they can scarcely 
be said to have made any progress of consequence ; 
and, in astronomy, very httle till the time of Hip- 
parchus, who may be considered as, in some mea- 
sure, the founder of that sublime science. 

After these preliminary remarks on the progress 
of physical science among the ancients, we shall 
proceed to take a brief view of the advances 
which have been made in it since the revival of 
letters, and to describe the present state of the 
various branches into which it has been divided, 
as far at least as is consistent with the very limited 
length to which our observations can be permitted 
to extend. 

There are only^two methods by which the physi- 
cal sciences can be advanced. They are, 1. Ob- 
servation and experiment; 2. The application of 
mathematical rensoning to deduce new truths from 
facts already established. We shall take a brief 
view of these two instruments of investigation in 
the first place ; beginning with mathematics ; be- 
c^hise they are first employed. 



OF MATHEMATICS. 

The object of mathematics is the measurement 
or comparison of quantity. Now, th^re are two 
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kinds of quantity, nameljr, number and surface^ — 
The branch of mathematics which treats of num. 
bers is called artthmetie, that which treats of sur. 
faceSf or rather of space, is called geometry, — 
There is a third branch of mathematics, which 
treats of quantity in a general way, and which, 
therefore, applies equally to arithmetic and geome- 
try. To this branch, the name oialgewra has 
been given. 

r ARITHMETIC. 

The ancients employed the letters of the alpha- 
bet to represent numbers. This method seems to 
have originated with the Egyptians or Phenicians, 
or, at any rate, the Greek mode of expressing 
numbers was obvioudy borrowed from the Hebrew. 

The decimal mode of numeration has been 
adopted by almost all nations, evidently because 
man has ten fingers, and because men were in the 
habit of reckoning on the fingers, and after com- 
ing to an end, they begin again. If the number 
of the fingers had been twelve instead of ten, the 
mode of numeration would certainly have been 
duodecimal instead of decimal — and this mode 
would have had its conveniences, which the deci- 
mal mode wants. 

The Hebrew alphabet has twenty-two letters. 
The first nine of these letters denoted the nine 
digits ; thus », 1 ; S, 2 ; j, 3 ; -j, 4 ; n» 5 ; »^, 

6 ; t» 7 ; n» ° *» to» 9 J ^® "®^* ^"*® letters de- 
note the nine tens ; thus, •«, 10 ; 5, 20 ; J, 30 ; 
)3, 40; 3, 50; t3» 60; 5^, 70; t3,80; s,90.— 
The rest of the alphabet consisted only of four let- 
ters ; but there are five of the letters that have a 
different form when at the end of a word. These 
arc* S> ^> 5» B» 2» ^^ch are then written *^, 
It Q> H' T* ^T ™^^^^ ^^ ^^ ^^'^ ^^^^ letters, 
and these five nnal letters, they express the nine 
hundreds : thus, ft, 100 ; ^, 200 ; c» 300 ; f;, 
400 ; -I, 500 ; t.^O ; »^, 700 ; q, 800 ; v, 900. 

The Hebrews wrote from right to left, contrary 
to our method. Hence, when two numbers are 
placed together, that on the right hand stands for 
tens, and that on the left for units. Thus, 51 is 
12 ; f7p is 105, and so on. 

The Arabians likewise represent numbers by 
the letters of the alphabet, precisely as the He- 
brews : the first nine letters representing the nine 
di^ts ; the second nine, the nine tens ; and the 
third nine, the nine hundreds. The twenty- 
eighth letter of the Arabian alphabet represents 
1000. 

The.Greeks obviously borrowed their mode of 
expressing numbers from the Hebrews or Pheni- 
cians. The first five letters of the Greek alphabet 
represent the first five digits. As the Greeks have 
no letter corresponding to the Hebrew \, which 
denotes six, they introduced for that purpose the 
mark f or r» which they called episemum. The 
next three letters, ^, 77, 0, represent 7, 8, 9, cor- 
responding with the Hebrew characters t> n» to» 
which stand for the same numbers. The next 
eight letters of the alphabet correspond with those 
of the Hebrew, and represent the numbers, 10, 
20, 30, 40, 50, 60, 70, 80. There being no letter 
in the Greek alphabet corresponding with the He- 
brew 2» which stands for 90, the Gredts intro- 
duced for that purpose the character ^, or V), or 
ff, to which they gave the name of hoppa, proba- 
bly from the HebnBW.l^tter koph. The last eight 



letters of the Greek alphabet, beginning with ft 
denotes 100, 200, 300, 400, 500, 600, 700, BOO. 
To stand for 900, they invented the mark >\, 
which they called sanpi. Thousands were de- 
noted by the letters of the alphabet with an accent 
under them. Thus, a was 1 ; a, 1000 ; y, 3, and 
y, 3000, and so on. 

The most defective mode of notation is that of 
the Romans, who employed the following letters : 
I for 1 ; V for5; X for 10; L for 50 ; D for 
500 ; and M for 1000. By means of these sym- 
bols, they contrived to represent moderate num- 
bers. But such an imperfect method was in- 
compatible with almost any progress in the most 
common Irules of arithmetic. Accordingly, the 
Romans produced no mathematicians, nor any 
person skilled in the science of numbers. 

The mode of expressing all numbers by the 
ten sjrmbols, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, with 
which everv body is familiar, seems to have orig. 
inated in India. In that country it has been 
used fix>m time immemorial. Not the smallest 
proof remains that tliey ever made use of the let. 
ters of the alphabet for that purpose. The Arabi. 
ans call the decimal scale of arithmetic, Hindowi, 
or Indian arithmetic, clearly pointing out the 
source from which their mode of notation was de- 
rived. Whether the Indians were the original 
contrivers of this astonishing improvement, or 
whether they borrowed it fix)m some other nation, 
we have no means of determining. The Chinese, 
it is said, possess treatises on aritmnetic and geom- 
etry ; but as no translation, or even abstract, of 
the contents of any such work has been publish- 
ed'in Europe, we are ignorant how jfar their know!- 
edge of these subjects extends. Had they been 
acquainted with the Indian mode of notation, it 
is hardly possible, considering the numerous mer- 
cantile transactions which had taken place be- 
tween them and Europeans, that it should have 
entirely escaped our knowledge. 

The Arabians became acquainted with the In. 
dian notation when they began to prosecute sci. 
ence under the caliphs, and they had liberality 
enough to be sensible of its superiority, and to adopt 
it. Along with the M ahomedan religion, it made 
its way into Spain ; which during the dark ages, 
was the most enlightened country in Europe, and 
to which all those resorted from every country, 
who wished to be initiated in the rudiments of 
science. 

About the beginning of the tenth century, the 
monastery of Fleuri, of the order of St. Benedict, 
had for its abbot, Abbon, who was a zealous cul- 
tivator of the sciences, particularly of those con. 
nected with mathematics. He rendered his mpn- 
astery a celebrated school of knowledge and piety ; 
and all the monks of St. Benedict, who gave 
proofs of abihties, were sent thither to receive in. 
struction. Among these was Gerbert (sifterwards 
pope Sylvester II.), a native of Auvergne. After 
having acquired all the knowledge that Fleuri 
could furnish, he obtained leave to repair to Spain, 
where two celebrated schools at that time existed 
at Cordova and Grenada, which belonged to the 
Mahomedan conquerors of that country. These 
Schools were much frequented both by Mahome. 
dans and Christians. Gerbert made such progress 
in mathematical knowledge, that he soon surpass, 
edhis masters. Arithmetic, music, geometiy 
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and aetionomj, occupied his attention ; and had 
on his return to France; he communicated to his 
countrymen the knowledge which he had thus 
acquired. But the greatest hoon which he con- 
ferred on Europe was the introduction of the In. 

~ dian numbers, which he found in common use 
among the scientific Mahomedans in Spain. The 
date of this introduction must be fixed between 
the years 970 and 980. 

With a knowledge of the Indian figures, the 
rules of arithmetic became also plain, and came 
to be familiarly understood. It is obvious from 
the translation of the lilawati, by Dr. Taylor, a 
treatise on Arithmetic and Geometry, by Bhasco- 
ra Achar]^, who was bom in the year 1114, that 
in his time, the four common rules of arithmetic, 
the rule of three, the management of vulgar frac- 
tions, the method of extracting the square and' 
cube roots, and most of the various rules at pre- 
sent met with in our books of arithmetic, were 

- known in India. No doubt they were also taught 
at Cordova and Grenada, and brought by Ger- 
bert into France. From that date, then, we may 
reckon the introduction of arithmetic, such as 
we have it at present, into common use ; certain, 
ly one of the greatest boons ever conferred upon 
mankind. 

The next great improvement introduced into 
arithmetic, was by Jolm Miiller, better known by 
his Latinized name of Regiomontanns. He was 
bom in Konigsburg, a smaU town in Franconia, in 
the year 1436. Scarcely had he reached his 14th 
year, when he became enamored with the charms 
of mathematics and astronomy. He became the 
favorite pupil and fiiend of Purbach, who at that 

^ time was possessed of repi^ ^^f^^'^ With him he 

•^ resided iill ine liffieof feis death engaged chiefly 
in astronomical observations. The labours of 
Re^omontanus were incessant, and the reputation 
which he acquired was deservedly high. But we 
mention his name here, .because it was to him 
that arithmetic owes the introduction of decimal 
fractions. Thus he gave to numerical computa. 
tion its utmost degree of simphcity and enlarge. 
ment whiph it seems capable of reaching. 

Regiomontanns was incessantly occupied with 
astronomical observations and calculations, which 
of course, rendered the perfection of trigonometry 
an object of the most importance : he did accor. 
din^ly bring it neafly to the same state of sim. 
plicity which it at {nresent possesses. But the 
calcidations necessary for such purposes are ex. 
ceediogly laborious, and their labour necessarily 
increased as astronomy advanced, because it be- 
came essential to obtam more and more accurate 
results. The sines and tangents of angles could 
not be expressed with sufficient correctness, with. 
out decimal fractions, extending to five or six pla. 
ces ; and when to three such numbers, a fourth 
proportional was to be found, the work of multi- 
pUcation'and division became exceedingly labo. 
rious. About the end of the 16th century, the 
time and labor necessarily spent on such calcula. 
ticms, had become extremely burdensome to math- 
ematicians and astronomers. 

Napier of Merchiston, whose mind seems to 
have had a bent ^towards arithmetical pursuits, 
was the person to whom the happy thought occur, 
red of a method by which that labor might be 
piodi|pM>U0ly diminished by substituting addition 



and subtraction, for multiplication and division ; 
this he did by the discovery of lograrithms, and the 
constructions of logarithmic tables by himself, 
Briggs, Gellibrand, &c. 

He observed that when the ntxmbers to be mul- 
tiplied or divided, were parts of a geometrical se. 
ries, or progression, provided we know the pro- 
gression, the product or quotient might be got at 
once by inspection. Thus the 3d term of a pro- 
gression, multiplied into the 5th term, would make 
the 8th term ; and the 12th term, divided by the 
3d term, would make the 9th term. He satisfied 
himself that all numbers might be intercalated 
between the terras of a geometrical progression; 
and he hit upon a most ingenious way of proving 
the truth of his proposition. What he called lo- 
garithms consist of numbers in the arithmetical 
progression, corresponding to all numbers suppo- 
sed to exist in a geometrical progression, and va- 
rious litems of logarithms may be constructed. 
The one which first occurred to the inventor, 
though the amplest, was ^ot so convenient, as 
the CMtie which occurred soon after to himself*%uad 
his friend Briggs, and according to which the ta- 
bles now in use have been constructed. It is plain, 
that if we add together two logarithms, the logar- 
ithm constituting^ the sum of two, will correspond 
with the number which would be obtained by mul- 
tiplying the two numbers together; hence, by ad- 
ding and substracting logarithms, and looking up 
for the new logarithm in the tables we find over 
against it, the number which would be obtained, 
if the numbers whose logarithms we yse, were 
multiplied or divided by each other. What a pro- 
digious saving of time and trouble is thus accom. 
phshed, must be evident from first sight. Nor 
have the benefits conferred upon mathematics by 
logarithms been confined to this benefit, great as 
as it is ; they have spread themselves upon other 
branches of the science. In 1618, Briggs pub. 
lished the logarithms of the first 1000 numbers, 
under the title of Logarithmorum chilias prima ; 
in 1624, he published the logarithms of all num- 
bers, from 1 to 20,000, and from 90,000 to 100,000 ; 
all calculated to the 14th decimal place. Death 
prevented Briggs from finishing his plan, but it 
was completed by Gellibrand, and published 
by him in hisTrigonometria Brittannica, in 1633. 

II. GEOMETRY. 

We have seen the progress which geometry had 
made among the ancients, and how Archimedes 
by the method of exhaustions, had succeeded in 
measuring spaces bounded by curve surfaces. — 
This method though satisfactory, was exceeding, 
ly laborious, and bein^ purely synthetical, it did 
not enable us to apply it to other discoveries of the 
same kind. A more compendious, and more an. 
alytical method was much wished for : and this 

freatstep was made by Cavalleri, in the year 
635, in his book entitled, Geometria indivisibili- 
bus amtinuorum nova quadam ratione promoia* 
Cavalleri was bom in Milan, in the year 1598. — 
He entered into the society of Jesuits, was sent 
to the university of Pisa, where he acquired his 
geometrical knowledge, and was afterward pro- 
fessor of astronomy in the university of Bi^ogrna. 

Cavalleri proceeded in his geometry of indiviffl- 
bles, on tiie following principles : areas may be 
considered as made up of an infinite number of 
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parallel lines ; solids, of an infinite number of 
parallel planes ; and lines, of an infinite nom- 
to of points. Thus, the cuhature of a solid was 
reduced to the summation of a series of planes ; 
and the quadrature of a curve, to the summation 
of a series of ordinates. Now the rule for sum. 
ming an infinite series of terms in arithmetical 
V^Ofpxmont had been long known, and the appli. 
cation of it to find the area of a triangle, accord. 
mgto the method of indivisibles, was a matter of 
nodifliculty. The next step was, supposing a 
■enes of hnes in arithmetical progression, and 
squares to be described on each of them^ to find 
what ratio the sum of all these squares bears to 
the greatest square, taken as often as there are 
t^s m the progression. Cavalleri showed that 
when the number of terms is infinitely great, the 
fcrst of these sums is just one third of the second ; 
^evidently led to the cubature of many solids. 
rtoce^mg one step further, he sought for the 
wm of the cubes of the same lines, and found it 
to be ftie-fourth of the greatest, taken as often as 
tlifire are terms; and continuing his investiga- 
ti^Mf he was able to assign the sum of the nth 
Pdwer of a series in arithmetical progreflsion, sup- 
posing always, the difierence of the terms to be 
infinitely smaU, and the number of terms to be 
lymtdv great. The number of curious results 
obtamed from these investigations was prodigious. 
It may be considered as constituting as great a 
step over the calculus of exhaustions, as the inte- 
gral calculus, was over the geometry Qf indivisibles. 

The next general step, (for we are under the 
necessity of passing over many individual discov- 
eries of great importance,) m the extension of 
mathematics, was the arithmetic of infinitea of 
ij-. Walhs, first published in the year -1655*— 
WaUiB was a native of Kent, where he was bom 
at Aahford, in the year 1616. He was appointed 
bavdhan professor of mathematics at Oxford, in 
lo49 ; which place he occupied till the vear 1703, 
when he died. 

The origin of the arithmetic of infinites, was 
an ^tempt by Wallis to discover the quadrature 
of the cutde, after he became acquainted with 
the method of indivisibles of Cavalleri. He be- 
gan by observing, that if we have a series of 
numbers, arithmetically proportioned (the natural 
numbers for example) beginning with 0, and pro- 
ceeding regularly on, the sum of this series, is 
equal to half the sum of the last term, repeated 
as many times as there are tenns in the series— 
Thus, 

H-l^l 0+^+2 3 0+1+2+3 6 1 

1+1 2' 2+2+2"~^""2 3+3+3+3^12^* 
From this it follows, that a triangle is half a par- 
allelogram, on the same, or equal basis, and be- 
tween the same parallels. For a triangle may be 
conndered as composed of an infinite number of 
hnes, be^rinning at a point or 0, and increasing 
anthmeticaUy, the greatest of which is the base ; 
while a parallelogram consists of an infinite num- 
ber of lines of equal length, and all equal to the 
base. From this analogy he deduced the quadra- 
ture of a variety of figures. 

He next shows that the sum of an infinite se- 
ries of numbers, beginning with 0, and proceed- 
mg as the squares of the natural numbers, that 
ia, the series, 0, 1, 4, 9, 16,25,36,49, &c, is to 



the last term, repeated as often as there are tenns 
in the series, as 1 to 3. From this he shows that 
the compliment of a semi-parabola is to the par, 
allelogram contained between the corresponding 
absciss and ordinate, as 1 to 3 ; and deduces from 
the same analogy, many other of the quadratures 
of curvilinear spaces. 

He then shows that the sum of an infinite se. 
ries of quantities, increasing ftom 0, as the cubes 
of the natural numbers, or the series 0, 1, 8, 27, 
64, 125, 216, &,c; is the sum of 'the last term, re- 
peated as often as there are terms in the series, as 
1 to 4. This analogy furnishes the quadrture of 
many figures. 

■' But it would be too tedious to attempt an analy- 
sis of the whole of this curious book, which may 
be considered as furnishing the first germ of the 
inte^rral calculus. There are however a few other 
particulars which it would be improper to omit. 
He was led by analogy to express the denomina- 
tors of 'fractions by means of negative powera.^- 
The numbers 



ar3, x« x\ *o, (or 1,)^ 



— — &C. 

jr2' xi 



are in continued geometrical progression. This 
led him to express then! in this way, afiy afl, ^i, 
^» * — S X — «, X — 3. Simple as this improvement 
may ap]>ear, it has led to consequences of the 
greatest importance. It put him in possession of 
the measure of every space, the elements of which 
are reciprocally as any power of the abscissa^ A 
prodigious number of new discoveries was the ne- 
cessary consequence of these new views. 

Most of the discoveries made by other mathe- 
maticians immediately after the publicati<m of 
the Arithmetic of Infinites, were httle else than 
the developments of the views of Wallis. Neil 
showed that the cubic parabola might be rectified 
by one of Wallis's methods ; and Van Heuract 
applied the same method to the rectification of 
several other parabolas. 

We must pass over the discoveries of Banow, 
though they are highly entitled to attention, and 
hasten to Sir Isaac Newton, who was destined to 
change the face of physical science— and who 
hitherto stands alone among mankind as the in- 
ventor of a theory to explun the motions of the 
heavenljT bodies, which has stood the test of the 
most rigid examination, and which every subse- 
quent improvement and discovery has served only 
to confirm and establish. 

Newton was bom in the year 1642, on Christ, 
mas, old a^le, at Woolsthorpe, in the coun^ of 
Lincdn. The family came originally fiom New- 
ton, in Lancashire, and it appears fiom a letter 
published by Dr. Reid, that, by the mother's side, 
he was of Scottish extraction. When young, he 
discovered a surprising turn for making models of 
mechanical instruments. Ifis mathematical know- 
ledge came to him with incredible facility. £u. 
did he merely turned over, considering it to con- 
tain nothing but common things. The first math- 
ematical book that he read was Descartes' Ge- 
ometiy, and the second Wallis's Arithmetic of 
Infinites. On these books he wrote commenta. 
ries as he read them, and reaped a rich harvest of 
discoveries ; or, more properly speaking, he made 
almost all his mathematical discoveries ar he pro- 
ceeded in their perusal. In 1667, he was elected 
fellow of Trimty College, Cambridge, and in 
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1669, Dr. Blown reeiffned hia mathematical pro. 
ftMonhip to him. Re reoffned tfaiB ehair in 
1703, two yean after Mr. Whiston had taught 
for hun. He died in the year 1727. He was. a 
member of the convention parliament, in 1789, 
and was, for a good many yean, master of the 
mint. 

His first mathematical discovery of importance 
iras the binomial theorem. But his great mathe- 
matical discovery was rnethod ofjluetione, or the 
integral and differential ^fllctUu3, as it is called 
^ on ms continent. This, he assures us, he was in 
possession of as early as 1665 or 1666. Barrow 
mfonns usj, that soon after that period, there was 
imt into his hands, by Newton, a manuscript trea- 
tise, the same which was afterward published un- 
der the title of Amdysis per JBquationes Numero 
termtnorum infinitaa, in which the principle of 
fluxions, though not fully explained, is yet dis. 
tinctly pointM out. Baiiow strongly exhorted 
Newton to pubHsh this treasure to the world ; but 
an excess of modesty, almost amounting to a 
disease, prevented his compliance. 

For a long time, the mathematical discoveries 
of Newton' were known only to his friends. The 
first work in which he communicated any thing 
to the world on the subject, was the firat edition 
of the Prineipia^ in 1687, in the second lemma 
of the second Dook. The principle of the calco- 
lus is there pointed out ; but nothing is said of the 
algorithm, which is so essential to that calculus. 
' This only became known to the world in 1693, 
by the publication of the second volume of Wal. 
lis's works (p. 390, &c.) There is no evidence 
that this notation existed earlier tiian 1692, 
though it is highly probable that it did. It was 
no 1^ than ten years after this, or in 1704, that 
Newton himself published a work on the new 
calculus, his Quadrature of Curves^ more than 
twenty-eight years after it had been written. ^ 

These discoveries, however, even before they 
were committed to the press, could not remain al- 
together unknown in a country where mathemat- 
ics wcore cultivated witli such zeal and success. — 
Bany communicated them to Oldenburgh, secre- 
tary of the Royal Socie^. By him they were 
partly commumcated to Air. James Gregory, and 
likewise to Leibnitz, who had become acquainted 
viath Oldenburgh during a visit which he had 
made to England in 1673. At that time Leib- 
nitz knew very little of the mathematics; but 
having afterward turned his attention to that sci- 
ence, he was soon in a condition to make discove- 
ries. One of the first of these was a very re- 
markable series, which gives the value of a cir- 
cular arch in tenns of the tangent.' This series 
he communicated to Oldenburgh, in 1674, and 
rec^ved, in return, an account of the progress 
made by Newton and Gregory, in the invention 
of veries. In 1676, Newttm described his method 
of quadratures, at the request of Oldenburgh, in 
ordw that it might be transmitted to Leibmtz. 
The method of Auctions is not communicated 
. in these letters ; nor are the principles in any way 
saggested ; though there are, in the last letter, 
two sentences, m transposed characters, which 
aseertain that Newton was then in possession of 
thatmethod, and employed, in speaking of it, the 
■time language in which it was afterward made 
known. . In ue following year, Leibnitz, in a let. 



Wto Oldenburgh, introduced differentials* and 
the method of his calculus, for the first time^— 
This letter clearly proves, that in 1677 Leibnitz 
was in full possession of tbo principles of his cal* 
cuius, tmd had even invented the algorithm and 
notation. 

From these foots, it cannot, we think, be 
doubted, that Newton was the first inventor of 
the fiiudonary calculus; but that nothii^f w«| 
communicated to Leibnitz re^^arding the princi- 
ples of that analjsis. Leibmtz, th^efore, whsitt 
he invented the differential calculus, was not as. 
sisted by any communications that could give 
him any idea of what had been done by Newton* 
Newton was the first discoverer, and Leibnitz the 
second; both were or^nnals, and both ind^pend* 
ent of each other. The algorithm of Leihnits 
was much more perfect than that of Newton ; 
and it had the great advantage of bein^ first 
made known to the world — an account of it hav- 
ing been inserted in the first volume of the Acta 
ErudLtorum, for 1684. 

Thus, while Newton's discoveiy was knows 
only to a few friends, Leibnitz's was rapidly 
spread over the continent. John and James Ber. 
noulli joined their talents to those of the original 
inventor, and illustrated the new method by the 
solution of a great number of difficult and mter« 
jesting problems. Leibnitz's methods acquired 
perfection, while those of Newton remained un- 
known. The first work on the new geometry 
was by Craig, who drew his information &omtho 
writings of licibnitz and his Mends. 

Nothing, however, like hostility appeared b*i • 
tween the two great discovereoi, and Newton im 
the passage of the Principia above refened to^ 
gives a highly favorable opinion on die subject of 
5ie discoveries of Leibnitz. A remark of Fatio 
de Duillier, in a paper presented to the Royal Sew 
ciety in 1699, lighted up a flame which a whole 
century has been scar cdy sufficient to extinguish. 
In a paper on the line of swiftest descent, there 
occurred this sentence, " I hold Newton te have 
been the first inventor of this calculus, and the 
earEest by several years, induced by the evidence 
of facts ; and whether Leibnitz, the second in^ 
ventor, has borrowed any thing from the other, I 
leave to the judgement of those who have seen 
the letters and manuscripts of Newton." Leib* 
nitz replied to this char^ in the Leipsic Joumelt 
without any asperity, simply stating himself to 
have been, as well as Newton, the inventor. 

In the year 1705, on the publication of New* 
ton's Quadrature of Curves, the same joumalisle 
insinuated, though with politeness and ambiguilj, 
that Newton had been led to the notion of flux- 
umB by the differentials of Leibnitz ; just as Hon- 
oratus Fabri had been led to substitute the idea 
of progressive motion, f<>r the indivisibles of Ca* 
valleri. A charge so entirely unfounded, coohl 
not but call forth the indignation of Newton and 
his friends. In that indignation they were per. 
fectly justifiable. But when the pasnons are 
heated, the injustice on one side is generally re- 
taliated by an equal piece of injustice on the oth- 
er. Accordingly, Keill, who undertook the de» 
fonoe of Newton's claims, instead of endeavoring 
to establish the priority of his discoveries l^ ail 
appeal to focts and to dates that could be eoeu* 
rately ascertained ; undertook to prove that the 
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eonununicationB of Newton to Leibnitz were suf. 
fieient to put the latter in possession of the fHin. 
cipkB of the new analysis, after whi«*.h he had 
only to substitute the notion of differ entials for 
thai of fluxions. But in support of these charges 
he had nothing to offer but equivocal facts, and 
overstrained arguments, capable of convincing 
those only who were already disposed to believe. 
They were accordingly received as accurate in 
Cneland ; rejected as absurd in Germany, and 
lead without conviction by the mathematicians of 
France and Italy. 

Leibnitz complained of Keill's statements to 
the Royal Society of London, who declined giving 
any opinion ; but appointed a committee of its 
member^ to draw up a fiill and detailed report of 
all the eonununicationB which had passed between 
Newton and Leibnitz, or their friendfi, on sub.* 
jects connected with the new analysis, from the 
time of Collins and Oldenburgh, to the date of 
Kdll*8 letter to Sir Hans Sloane in 1711, of which 
Leibnitz had complained. This report forms 
what is called the Commercivm Epistolieum. It 
was published the year following by order of the 
Royal Society ; and, though in the main just and 
&ir, seemed rather to lean to the side of their 
own president. Leibnitz complained of this pub. 
Kcation, and alleged, that though nothing was in- 
■erted which was not contained in the original 
epistles, yet certain passages were suppressed 
which were fiivorable to his pretensions. He 
threatened an answer, but it never appeared. — 
Some notes were added to the Commercium EnU- 
tolieum, which contained a ^ood deal of aspenty, 
and the review of this book mserted in the Philo- 
sophical Transactions ibr 1715, is still more lia. 
Ue to the same censure. 

In the year 1713, a paragraph was circulated 
among the mathematicians of Europe, written by 
John fiemoiHi. It amounted to this : " That 
there is no reason to believe that the fluctionary 
calculus was invented before the differential."' — 
Bemouilli was doubtless well acquainted with the 
subject ; but he was too much connected with 
Labnitz, and had contributed too much to the 
progress of the differential calculus, to be an im- 
partial judge. 

The German mathematicians injured their own 
cause by attempting to fix on Newton the char8;e 
of plaeiarism, which could be so triumphantly 
refuted. As much were the English mathema- 
ticians to blame when they retorted the same 
eharge upon Leibnitz. It was not indeed physi. 
eally impossible that Leibnitz might have bor. 
towed his calculus, as Newton undoubtedly pre. I 
ceded him ; but the assertion is not supported by 
Hm filighteet shadow of a proof. 

We shall pass over the subsequent defiances 
which passed mutually between the English and 
Continental mathematicians, and the harsh and 
unmerited epithets which they reciprocally be. 
stowed upon each other, to the eternal disgrace 
of both parties, and the humiliation of mathemat. 
ical science. The dispute was of a nature not 
capable of being decided by reasoning. Had 
Newton made known the nature of the fluzionary 
calculus when it first occurred to him, his claim 
as a discoverer would have been universally al- 
lowed, and he would have conferred a boon of the 
greatest magnitude on mathematicians. Leib- 



nitz may have been informed that Newton was 
in possession of an unknown calculus of the great- 
est power — this information may have set ms in- 
vention at work, and his exertions were crowned 
by the discovery of the differential calculus. This 
discovery, as soon as made, he gave to the public ; 
and, with the assistance of the Bemoullis, soon 
brought it to a considerable degree of perfection. 
This proceeding was much more calculated ibr 
the improvement of science than the morbid ti- 
midity of Newton. The algorithm of Leibnitz 
was heitef ; his method was taken up by men of 
first rate abilities, and prosecuted with astonish- 
ing success. For it would be difficult to find a 
series of mathematicians to be compared with the 
two Bemoullis, Euler, and Lagrange, who de- 
voted in succession their unrivalled powere to the 
improvement and extension of the difiTerential and 
integral calculus. 

In England, at or before the time of Newton, 
the number of profound mathematicians was 
great. Wallis, Brounker, Wren, James Gregory, 
narrow, were his immediate predecessors or con- 
temporaries. Newton himself stands unrivalled* 
as, perhaps, the greatest mathematical genius 
that ever existed. Of his successors, the most re- 
maskable is Cotes, whose Hamumia Mensurarum 
appeared in 1722. It contained the method of 
finding tfie fluents of fractional expressions, great- 
ly generalized, and highly improved, by means of 
a proi>erty of the circle discovered by himself, and 
justly reckoned among the most remarkable propo- 
sitions in geometry. It is curious that this book, 
notwithstanding its merit, has never acquired, 
among English mathematicians, the popularity 
which it deserves, while, on the continent, it 
seems to be very little known. 

Another very original and profound writer of 
this period, was Dr. Brook Taylor, who, in his 
Method of Increments, publi^ed in 1715, added 
a new branch to the analysis of variable quantity. 
A single analytical formiiia in his Method of In- 
crements has conferred a celebrity on its author 
which very voluminous works have often flBiiled to 
bestow. It is known by the name of Taylor's 
theorem, and expresses the value of any function 
of a variable quantity, in terms of the successive 
orders of increments, whether finite or infinitely 
small. It is, perhaps, without exception, the 
most comprehenGdve proposition in the whole range 
of mathematical science. 

Maclaurin may be mentioned as another math- 
ematician, who did credit to his country. 

The mathematicians of Britain, and on the 
continent, though the algorithm used by each was 
different, yet kept pace with each other for a con- 
siderable time, except in one branch, the integra- 
tion of differential or fluxional equations. In 
this the British mathematicians had fallen con. 
siderably behind. And the distance between 
them, and those on the continent, continued* to 
increase in proportion to the number and impor- 
tance of the questions, physical and mathemati- 
cal, which depended upon these integrations. — 
The habit of reading only British mathematical 
works, produced at first by the admiration of 
Newton, and afterwards contmued, in consequence 
of the diiSsrence of notation, prevented the Brit- 
ish mathematicians from partaking in the pursuits 
of the mathematicians on the continent. Prodi. 
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giouB improvements were made in Italy, France, 
and Grermany, in which the natives of Great Bri- 
tain had little or no share. 

Other causes, perhaps, may have contributed 
to draw away our men of science from mathe- 
matical investigations. But by the middle of the 
last century, the race of Britidi mathematicians, 
at one time so numerous and so splendid, was re- 
duced to a very small number indeed. It is true 
that mathematics still continued to be cultivated 
in Cambridge : but they satisfied themselves* with 
studying the Principia of Newton, and neglected 
or despised the splendid improvements and discov- 
eries of the continental mathematicians. 
T^ A little after the middle of the last century, Mr. 
I West was appointed to teach the mathematical 
j class in the University of St. Andrews, in conse- 
|quence of the iUness of Professor Vilant. West 
possessed an uncommon mathematical genius, as 
is evident from the slightest inspection of his Ele- 
mentary System of Geometry, which he pub- 
lished while a teacher. His mode of teaching 
seems to have been admirable, and he had the 
ment of infusing his own spirit into a ^number of 
I joxmg men who have contributed not a little to 
I the recovery of that high rank in mathematical 

• science which formerly belonged to the British 
I mathematicians. The late Professor Playfair was 
] not indeed the pupil of West, but he was his 
\ friend and contemporary, and both had been edu- 
j cated at the same university. It is not unlikely, 

therefore, that he may have been indebted for his 
passion for the science, to his intimacy with West. 
^ The late Sir John Leslie was a pupil of West, and 
I indebted to him for all his mathematical knowl- 
I edge. He was possessed of a true mathematical 
I genius, and though not familiar with the general 
j analytical methods which are now in constant 
I use, yet his mathematical knowledge was respec- 
; table. Mr. Glennie was another of Mr. West's 
I pupils. But the man who does the highest credit 
I to Mr. West, is Mr. Ivory, who has raised him- 
^i self to the highest rank as a mathematician ; who 
t has cultivated every branch of the higher calcu- 
5 lus with the most complete success ; who is crit- 
I icaJly acquainted with the whole history of math- 
j ematical discoveries, and is now universally ad- 
I mitted to be the first mathematician at present in 

* Europe. Thus he has rescued Great Britain from 
the stigma affixed to her, of inferiority in mathe-" 
matical skill to the mathematicians on the conti- 
nent. Cambridge also of late years has produced 
different eminent mathematicians, the most cele- 
brated of whom is Sir John Herschell. 

It would be impossible, in this hasty sketch, to 
give the slightest idea of the prodigious improve- 
ments which have been made in mathematics 
during the progress of the last century. The 
task is an herculean one. It has been frequently 
attempted, but never yet executed. The individ- 
ual best qualified for such a task, is Mr. Ivory. 
Were he to- execute it, he would confer a boon 
of no ordinary magnitude upon science, and add 
a new wreath to those with which Great Britain 
is already encircled. 

III. ALGEBIU. 

The word algebra is Arabic, and is derived 
from a2, the, and^'e^, contortion. It was at first 
applied tQ a partioidar arithmetical rule; in which 



the terms were transposed. There is some rea- 
son for suspecting that what we now call alge- 
bra, originated in India. Diophantus, who lived 
about 150 years after the commencement of the 
Christian era, has lefLthirteen books of arithmet- 
ical questions, which are treated in a manner 
that may be considered as algebraic. The sci- 
ence was cultivated by the Arabians during the ' 
golden age of Mahomedan science. And a 
knowledge of it was first brought to Eurdpe in 
the 13th century, by Leonardo, a merchant of 
Pisa, who having made many visits to the east, 
brought back with him a knowledj^e of algebra, 
on which he wrote a treatise in 1202, and anoth- 
er in 1228, both of which still remain in manu- 
script. 

But the first book printed in Europe on algebra -i 
was that of Lucas de Borgo, a Franciscan, who, ! 
towards the end of the 15th century, traveled j 
into the East, and acquired a knowledge, of the | 
principles of algebra. The characters employed • 
by him are merely^abbreviations of words. The ! 
letters p and m are used for plus and minus, " And I 
the rule is laid down, that in multiplication, plus ' 
into minus gives minus ; but minus into minus ' 
gives plus. Thus algebra was originally merely " 
an abbreviation of common language, applied to 
the solution of arithmethical problems. '^ 

The Indians and Arabians advanced as far as 
the' solution of quadratic equations. Scipio Fer- 
rei, professor of mathematics at Bologna, had, 
about the year 1508, found out a method of solv- 
ing one of the cases of cubic equations ; which 
he either concealed, or at least communicated 
only to a few of his scholars. One of these, Flo- 
rido, trusting to this secret, challenged Tartalea 
of Brescia to contend with him in the solution of 
algebraic problems. Florido had at first the ad- 
vantage ; but Tartalea being a man of ingenuity, 
soon discovered his rule, and likewise another 
much more general, in consequence of which he 
came off at last victorious. By the report of this 
victory, the curiosity of Cardan was strongly ex- 
cited. For thoug:h he was himself an accom- 
plished mathematician, he had not been able to 
discover a method of solving equations higher 
than the second degree. By the most importu- 
nate solicitations he wrung from Tartalea the se- 
cret of his rules; binding himself at the same 
time, by the most solemn promise, never to di- 
vulge them. Though Tartalea did not commu- 
nicate the demonstration. Cardan soon found it 
ut, and extended it in a very ingenious and sys. 
ematic manner to all cubic equations whatever. 

Being thus possessed of an important discovery, 
which was partly his own, he forgot his promises 
to Tartalea, and published the whole in 1545, 
not concealing, however, what he owed to the 
latter. Thus was published the rule which still 
bears the name of Cardan ; and which stiU marks 
a point in the progress of algebraic investigation, 
which all the efforts of succeeding analysts have 
hardly been able to pass. 

Robert Recorde, an English mathematician, 
published, about the middle of the 16th century, 
the first English treatise on algebra, and he there 
introduced the same sign of equaJity which is 
now intise. 

The properties of algebraic equations were dis. 
covered v^ slowly. Pelitorious, a French math* 
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ematician, in 1558, fint obieryed that the xoot o 
an equation ia the diviaor of the last term. Bom- 
belli Boon after published a regular treatise on al- 
gebra, in which he considered with particular at- 
tention the irreducible case of Cardan's rule, and 
pointed out the method of solving problems fall, 
mgunder it by the tnsection of an arch. 

vieta marks an era in algebraic analysis. He 
was a Frenchman, bom at Fonterai, in Poitou, 
in the year 1540. Though maitre des requetes 
at Fans, a situation which employed much of 
his time, he found leisure to devote himself 
to algebra. He first employed letters to denote 
both the known and unknown quantities ; so that 
it was with him that the language of algebra 
first became capable of expressing general truths, 
and acquired that extension which has since ren- 
dered it such a powerful instrument of investiga- 
tion. He likewise discovered the relation between 
the roots' of an equation of any degree, and the 
coefficients of its terms, though only when none 
of the terms are wanting, ana when all the terms 
are positive. This general truth, which Vieta 
onlv saw imperfectly, was further extended, in 
1669, by Albert Gerard. But it was first devel. 
oped in all its generality by Haniot, whose dis- 
ooveries in algebra have been so much extolled by 
Wallis. 

These successive improvements brought alge- 
bra nearly to its present state, and prepared it for 
a step which was about to betakeaby Descartes, 
and which forms one of the most important epochs 
in mathematical science. This was the applica- 
tion of alg[ebraic analysis to define the nature, 
and investigate the properties of curve lines; and 
consequently to represent the notion of variable 
quantities. This invention opened up a vast field 
for succeeding mathematicians. The work in 
which it was contained, is a tract of no more than 
106 quarto pages. Probably there is no book of 
the same size, which has conferred so great, and 
so well merited a reputation on its author. 

It would be impossible, in the short space to 
which we are obliged to confine ourselves,, to give 
even an idea of the improvements which algebra 
has received during the two centuries which have 
elapsed since Desc^irtes applied it to the investi- 
gation of curves. 'It cannot be said that any 
new principle has been discovered ; but its Ian. 
guage and symbols have been perfected, and it 
has been applied with effect to almost every kind 
of physical mvestigation. Indeed, 4f we consid. 
er tiie calculus of infinitesimal quantities as mere- 
ly an extension of algebra, as might very well be 
done, we may say with truth, that it now consti- 
tutes the ^^rand instrument by means of which 
physical science is promoted. 



OF OBSERVATION AND EXf ERIMBNT. 

It was not to be expected that mankind riiould 
at first make any rapid progress in investigating 
the laws which regulate the changes that take 
place in the material world. The objects were 
too numerous, and too varied, and escaped his at. 
tcntion by their very regularity. Every where in 
the early ages of the world, we meet with des. 
cziptions of prodicies and wanders, while the reg- 
ular operations of nature scarcely attracted atten- 
tion. The method of investigating nature by 



obeervation and experiment was scarcely thonf^ht 
of, except by two mdividuals, who, by means of 
them, made some progress in mechanics and hy- 
drostatics, and in astronomy; these were Ar- 
chimedes and Hipparchus. The mechanical dis- 
coveries of Archimedes were slightly extended by 
Ctesibius and Hero, by Anthemius, and by Pap. 
pus ; while the astronomical observations begun 
by Hipparehus, were continued by Ptolemy. 

But at the revival of letters, in the 16th oentu. 
ry, a spirit of observation and inquiry awoke* 
which nothing could damp, and men began to 
pry into the secrets of nature, by the wa^ of ex- 
periment. Galileo, in Italy, and Gilbert^ in Eng- 
land, especially the former, constitute remarkable 
examples of the successful investigation by exper. 
iment. But it was Francis Bac<m, Lord Vem- 
lam, who first investigated the laws according to 
which such experimental investigations should be 
conducted, who pointed out the necessity of fol- 
lowing these laws in all attempts to extend the 
physical sciences, and who foretold the brilliant 
success that would one day repay those who 
should adopt the methods which he pointed out. 
This he did in his Novum Organum, published in 
the early part of the 17th century. 

Before laying down the rules to be followed in 
his new, or inductive process. Bacon enuma*ated 
the causes of error, which he divided iiito four 
sets, and distinguidied, according to the fashion 
of the times, by the following fanciful, but expres- 
sive names: — 

Idols of the tribe. 
Idols of the den, 
Idols of the forum. 
Idols of the theatre. 
The idoU of the tribe are the causes of orror, 
founded on human nature in ^reneral. Thus all 
men have a propensity to find m nature a greater 
degree of order, simplicity, and regularity, than 
is actually indicated by obeervation. This pro. 
pensity, usually distinguished by the title of spirit 
of system, is one of Uie grreatest enemies to its 
progress that science has to struggle with. 

The idols of the den are those mat firing fix>m 
the peculiar character of the individual. Each 
individual, according to Bacon, has his own dark 
cave or den, into wmch the light is imperfectly 
admitted, and in the obscurity of which an idol 
lurks, at whose shrine the truth is often sacri- 
ficed. Some minds are best adapted to catch the 
differences, others the resemblances of things.^- 
Some proceed too rapidly, others tbo slowly. AU 
most every person has acquired a partiality for 
some branch of science, to which he is prone to 
feishion and force every other. 

The idols of the forum are those which arise 
out of the intercourse of society, and especially 
from lan^^ge, by means of which men commu. 
nicate with each other. It is well known that 
words, in some measure, govern thought, and that 
we cannot think accurately unless we are able to 
express ourselves accurately. The same word 
does not convey the same idea to different per. 
sons. Hence many disputes are merely verbal, 
though the disputants may not be aware of the 
circumstance. 

The idois of the theatre are the decepticmi 
which have taken their rise from the sytftcnis of 
different schools of philosophy. These eirors af. 
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fected the philosophy of the ancients more than 
that of the modeiBs. But they are not yet with, 
out their effect, and often act powerfully upon 
individuals without their being aware of their 
effect. 

After an historical view of science from its 
dawn among^ the Greeks to his own time, and 
pointing out the little progress which it had made, 
in consequence of the improper way in which it 
had been cultivated, Bacon prbceeds, in his se- 
cond book, to point out the true way of adyanc 
ing science by induction. 

The first object ought to be to prepare a his- 
tory of the phenomena to be explained, in all their 
modifications and varieties. This history is to 
comprehend not only all such facts as sponta- 
neously offer themselves, but all the experiments 
instituted for the sake of discovery, or for any of 
the purposes of the useful arts. It ought to be 
composed with great care; the facts should be 
accurately related and distinctly arranged — their 
authenticity carefully ascertained, and those that 
are doubtful should be marked as imcertain, with 
the grounds for the judgement formed. This re- 
cord of facts Bacon calls natural history. 

The next object is a comparison of the differ- 
ent facts, to find out the cause of the phenomenon. 
The method of induction here laid down is ap- 
plicable to all investigations where experience is 
the guide, whether in the moral or natural world. 
It is obvious that all facts, even supposing 
them truly and accurately recorded, are not of 
equal value in the discovery of truth. Some of 
them show the thing sought for in its highest de- 
gree, others in its lowest; some show it simple 
and uncombined, while others are confused with 
a variety of circumstances. Some facts are easily 
interpreted, others are very obscure, and are un- 
derstood only in consequence of the light thrown 
on them by the former. This led Bacon to con- 
sider the comparative value of facts as means of 
discovery. He enumerates twenty-seven differ- 
eiit species ; but we shall satisfy ourselves here 
with noticing a few of the most important of 
them. 

1. JnatantiiB solitari<B are examples of the 
same quality existing in two bodies, which have 
nothing else in common ; or of a quality differ- 
ing in two bodies, which are in all other respects 
the same. 

2. The in9tanti<B migrantes exhibit some na- 
ture or property of bodies passing from one condi- 
tion to another, either from less to grreater, or fiom 
greater to less. Thus, glasb while entire is color, 
less, but becomes white when reduced to powder. 

3. The inttantia ostensiikB show some particiu 
lar nature in its highest state of pewer or energy. 
In this way the thermometer shows the expan- 
sive power of heat, and the barometer the weight 
of air. 

4. The instantiiE analogicti consists of fieicts 
between which an analogy or resemblance is vis. 
ible in some particulars, notwithstanding great 
diversity in all the rest. Such are the telescope 
and microscope in works of art, compared with 
the eye in the works of nature. 

5. The vMtantiiB erucis is the division of this 
experimental logic which is the most frequently 
resorted to in the practice of inductive investiga- 
tion. When in such an investigatioui the un(&r. 



standing is, as it were, placed in equilibrio between 
two or more causes, each of which accounts 
equally well for the appearances, as far as they 
are known, nothing remains but to look out for a 
fact which can be explained by the one of these 
causes, and not by the other. If such a fact can 
be found, the uncertainty is removed, and the true 
cause becomes apparent. Such facts perform the 
office of a croaSf erected at the meeting of two 
roads, to direct the traveler which way he is to 
go. On this account. Bacon gave them the name 
of instantiiB crueis. Suppose it were inquired 
into why metals become heavier when calcined, 
various explanations might be conceived. But 
the experimentum crueis of Lavoisier removed 
the ambiguity. He enclosed a quantity of tin in 
a large glass vessel, which was hermetically seal, 
ed. Heat bein^ then applied, the tin melted and 
was partly calcmed. The process being finished, 
the weight of the ^ass and its contents were 
found unchanged. But the glass being opened, a 
quantity of air rushed in, amounting in weight to 
ten grains ; and the tin was found to have in- 
creased in weight to ten grains. It was obvious 
from this, that by the calcination of the tin a por. 
tion of the air had been absorbed, which had oc 
casioned the increase of the weight. 

In cases where an experimentum crueis cannot 
be resorted to, there is often a great want of con- 
elusive evidence. This is the case in i^rriculture, 
in medicine, in political economy, &.c. To make 
one experiment similar to another in all respects 
but one, is what the experimentum crucit, and 
the principle o£ induction, in general, requires. — 
But this, m the sciences just named, can seldom 
be accomplished. Hence the great difficulty of 
separating the causes, and allotting to each its 
due proportion of the effect. Men deceive them- 
selves in consequence of this continually, and 
think they are reasoning from fisict and experience, 
when, in reality, they are drawing their condu. 
sions from a mixture of truth and falsdiood.^ — 
Facts so incorrectly apprehended only serve to 
render error more incorrigible. 

Of the twenty.seven classes into which instan- 
ti<B are arranged by Bacon, fifteen address them, 
selves^ immediately to the understanding;* five 
serve to correct or inform the senses ; and seven 
to direct the hand in raising the superstructure of 
art on the foundation of science. The examples 
which we have selected, are from the first of 
these divisions. The other two are of inferior im. 
portance, and may be omitted in tliis imperfiBct 
summary. 

Such are the rules laid down by Bacon for pros- 
ecuting the sciences by induction. The effects 
which were ultimately produced by the Novum 
Oi^anum must have been very great. It may be 
questioned, indeed, whether those who have con- 
tributed most effectually to the advancement of 
the sciences, have rigidly adhered to Bacon's 
rules. And, in general, such a rigid adherence 
is unnecessary ; because so much assistance can, 
in general, be derived from what knowledge has 
been alres^idy acquired, that a rigid natural his- 
torical detail of all the phenomena becomes un- 
necessary. It was only in the infancy of scienca 
that such details were requisitet Boyle often 
draws them up in his inquiries into the cause qf 
vaiiouB phenomena, and his investigations were 
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of considerable use in forwarding those branches 
of science which he cultivated. Bacon also was 
mutoken in conceiving that, by investigation, 
mankind may become acquainted with the es- 
sences of the powers and qualities residing in bo- 
dies. So feir as science has hitherto advanced, 
no one essence has been discovered, either as to 
matter or as to any of its more extensive modifi. 
cations. Thus we are still in doubt whethw heat 
and electricity be qualities or substances. Yet 
we have discovered many important properties' or 
laws, by means of which heat and electricity, 
whether properties or substances, are regulated. — 
And from this knowledge, probably, we derive as 
much advantage as could be obtained from a 
comi^ete knowledge of their essence. 

Such are the two methods of advancing sci- 
ence. By experiment or observation all the new 
facts in every science are acquired. .By the ap- 
plication of mathematical reasoning to these'' 
facts they are reduced to the requisite simplicity, 
and'the general principles which regulate every 
particular science determined. Let us now en- 
deavor to trace the progress which has been 
made in the different physical sciences since these 
two powerful means of advancement were fairly 
applied to them. 

I. MECHANICS. 

StevinuB, an engineer in the Lower Countries, 
is the 6rst person who passed.beyond the point at 
which the ancients had stopped, by determining 
accurately the force necessary to sustain a body 
on a plane inclined at any angle to the horizon. 
This knowledge he seems to have deduced from 
the &ct, that a chain laid on an inclined plane, 
with a part of it han^g over at top in a perpen- 
dicular line, will be m equilibrio if the two ends 
of the chain reach down exactly to the same 
level. The first appearance oif Stevinus's solu- 
tion of this problem was in the year 1585. His 
works, as we now have them, were collected after 
his death by his countr3nnan, Albert Gerard, and 
published at licyden in 1634. 

But the man to whom mechanics is indebted 
for the first great steps which it made in advance 
is Galileo, who was bom at Pisa in the year 1564, 
and who is, perhaps, the most remarkably man 
who appeared in that age, so prolific in men of 
first-rate genius. In 1592 he published a treatise, 
Delia Scienza MechanicOy in which he has given 
the theory not only of the lever, but also of the 
inclined plane and screw, and in which he laid 
down this general proposition, that small weights 
are able to move large ones only by a great in- 
crease of velocity, or that weights are in equi- 
librio when the weight of each multipHed into its 
velocity is the same. 

While a student at Pisa, he had made experi- 
ments on falling bodies, and discovered the fact 
that light and heavy bodies fall to the ground in 
the same time, making allowance for the resist- 
ance of the air. From observing the vibrations 
of the lamps in the cathedral he had come to this 
very important conclusion, that great and small 
vibrations of the pendulum are performed in the 
sataie time, and that this time depends on the 
length of the pendulum. 

These experiments drew upon him the displea- 
sure of his masters, who were offended that he 



should consult nature and experiment instead of 
Aristotie, and their commentaries on the dogmas 
of the Grecian sage. This was the -origin of 
those persecutions, proceeding from a mixture of 
bigotry and envy, with which he continued to be 
harassed throughout the rest of his life. 

By means of the inclined plane he succeeded 
in demonstrating ^t the motion of a falling^ 
body, is a uniformly accelerated motion. His next 
step was to determine the path of a heavy body, 
when obliquely projected. He showed this path 
to be a parabola. The theory of the inclined plane 
showed that if a circle be placed vertically, the 
chords of the different arches terminating m the 
lowest point of the circle are all descended through 
in the same space of time. But when Galileo 
applied this to account for great and small vibra- 
tions of a pendulum being performed in the same 
time, he fell into an error, which was first com- 
pletely rectified by Huygens. 

In the list of the mechanical discoveries of 
Galileo, may be placed the knowledge of the ex- 
istence of the law of continuity^ and the employ, 
ment of it as a principle in his reasonings on the 
phenomena of motion. 

Torricelli, the pupil and friend of Galileo, dis- 
covered a remarkable property of. the centre of 
gravity, and a general pnnciple with respect to 
tiie equilibrium of bodies. It is this : If there be 
any number of heavy bodies connected together, 
and so circumstanced, that by their motion their 
centre of p^ravity can neither ascend nor descend, 
these bodies will remain at rest. 

Deacai$eaf whose reputation was so great, and 
his pretemnons so high, likewise treated-of mo- 
tion ; but in general his opinions were so errone- 
ous or unsound, that in the present rapid sketch 
they are not entitled to notice. 

The laws which regulate the collision of bodies 
remained unknown, till they were recommended- 
by the Rojral Society to the particular attention 
of its members. Three papers soon appeared, in 
which these laws wete correctiy laid down, 
though no one of the authors had any knowledge 
of the conclusions obtained by the other two. 
The first of these was read to the society, in No. 
vember, 1668, by Dr. Wallis of Oxford ; the next 
by Sir Christopher Wren, in .the month following ; 
and the third by Huygens, in January, 16&. 
The equality of action and re-action, and the 
maxim that the same force communicates to dif- 
ferent bodies velocities which are inversely as 
their masses, are the principles on which thefle 
investigations are founded. 

Huygens was the first person who explained 
the true relation between the length of the pen. 
dulum, and the time of its last vibrations, and 
who gave a rule by which the time of the recti, 
linear descent through a line equal in length to 
the pendulum, might from thence be deduced. 
He next applied the pendulum to regulate the mo. 
tion of a clock, and gave an account of its con- 
struction, and the principles of it in his Horolo. 
gium Oscillatoruim, about the year 1670, though 
tiie date of the investigation goes as far back as 
1656. Lastly, he showed how to correct the im. 
perfection of a pendulum, by making it to vibrate 
between cycloidal cheeks, in consequence of which 
its vibrations, whether great or small, become 
precisely equal. 
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The appearance of the Principia of Newton, 
in 1687, effected an almost total revolution in 
mechanics, by giving new powers and new direc- 
tions to its researches. The composition offerees 
was treated independently of the composition of 
motion. From the equality of action and re- 
action, it was inferred, that the state of the centre 
off gravity of any system of bodies is not changed 
by the action of these bodies on each other. — 
From this it follows, that the quantity of motion 
existing in nature, when estimated in any given 
direction, continues always of the same amount. 

But the reduction of questions concerning force 
and motion, to questions of pure geometry, and 
the mensuration of mechanical action by its na- 
scent ejSects, constitute the great glory of the 
Principia. A transition was there made from the 
consideration of forces acting at stated intervals, 
to that of forces acting continually ; and from 
forces constant in quantity and direction, to those 
that converge to a point, and vary as any function 
of the distaiice from that point ; the proportion- 
ality of the areas described about the centre of 
force, to the time of their description ; the equality 
of the velocities generated in descending through 
the same space by whatever rout ; the relations 
between the squares of the velocities produced or 
extinguished ; and the sum of the accelerating or 
retarding forces, computed with a reference not 
to the times during which, but to the distance 
over which they have acted; may be mentioned 
as a few of the dynamical and mechanical dis- 
coveries contained in that immortal work. 

Leibnitz, the rival and antagonist of N'ewton, 
made some improvements in mechanical science, 
which though not capable of being compared with 
the profound discoveries of Newton, yet require 
to be noticed. Leibnitz seems to have been the 
first who announced in general terms the princi- 
ple of a sufficient reason. This principle, how- 
ever, was not new, for it had been assumed by 
Archimedes, and employed by Galileo. Stript of 
the metaphysical garb in which it was placed by 
Leibnitz, it seems nothing more, than that nothing 
eidsts in any state, without a reason determining 
it to be in that state rather than in any other. 
This principle, though true in itself in a limited 
sense, was rather brought into discredit by the 
way in which Leibnitz employed it. Thus he in- 
ferred from it, that two particles of matter cannot 
possess exactly the same properties ; for if they 
did, the Supreme Being could have no reason for 
employing the one inore than the other, and con- 
sequently both would be of necessity rejected — as 
if we were capable of judging in what way mo- 
tives act upon the mind of the Deity, and — as if 
position might not be a sufficient motive for em- 
ploying one particle rather than another, suppos- 
ing both possessed of exactly the same properties. 

Another principle brought into view by Leib- 
nitz, was the law of Continuity — according to 
which, nothing passes from one state to another, 
without passing through all the intermediate 
states. Though Leibnitz considers himself as 
the first who pointed out this law, it is but fair to 
state that it was distinctly laid down by Galileo, 
who does not claim it as his own, but ascribes its 
discovery to Plato. This principle like the last, 
Leibnitz and his followers carried to a blaifiable 
excess. Thus John Bernoulli was induced h^ it 



to deny the existence of hard bodies altogether ; ' 
because in the collision of such bodies a finite 
change must take place in an instant, which, ac- 
cording to the principles of the law of continuity 
is impossible. We can obviate the objection of 
BemouUi without refusing, as Maclaurin does, to 
admit the law of continuity, by admitting that the 
hard bodies begin to act on each other before they 
come into actual contact. 

The last mechanical improvement of Leibnitz 
introduced a controversy into mathematics, which 
was discussed by the most eminent mathemati- 
cians of Europe, for more than thirty years, with 
great keenness, and not a little virulence ; though 
neither side was able to produce any change of 
opinion in their antagonists. licibrntz, in 1686, 
announced in the Leipsic Journal the demonatra- 
tion of a great error committed by Descartes and 
others, in estimating the force of moving bodies, 
' In this paper he endeavors to show that the force 
of a moving body is not proportional to its velo. 
city simply, but to the square of its velocity. And 
he supported this new doctrine by very plausible 
reasoning. A body projected upwards against 
gravity, with a douole velocity, ascends four times 
me hight ; with a triple velocity, to nine times 
the hight, and so on — the hight ascen'ded being 
always as the squsure of the velocity. Such was 
the reasoning, sufficiently simple and satisfactory. 

The subject was soon taken up keenly, and the 
world of science was divided into two parties. 
The mathematicians of Gennany, Holland, and 
Italy, adopted the opinion of Leibnitz ; those of 
Great Britain the old opinion, that the force is 
proportioned simply to the velocity ; while those 
of France were divided between the two opinions. 
Maclaurin, Stirling, DesaguUers, Jurin, Clarke, 
and. Mairan, defended the ol^ opinion ; while 
Bernoulli, Hermann, Poleni, *S Gravesende, and 
Muchenbroek, supported the opinion of Leibnitz. 

What may appear at first sight singular in this 
diimute, is, that the two paf ties who adopted such 
different measures of force, when any mechanical 
problem was proposed concerning the action of 
bodies, whether at rest or in motion, resolved it 
in the same manner, and arrived exactly at the 
same conclusions. It is clear from this, that their 
ideas ur*opinions exactly coincided. In reaUty, 
the two parties advanced positions not inconsist- 
ent with each other ; and both therefore were 
true. This -was pointed out by D * Alembert in his 
Dynamique, published in 1743. 

We may measure the force of one moving 
body, by its effect upon another moving body. 
Hence there is no doubt that the forces of such 
bodies are as the quemtities of matter multiplied 
into the velocities ; because it is well known, that 
the forces of bodies in which these products are 
equal, if opposed, destroy each other. If we em- 
ploy this measure, it is evident that the forces 
vary not as the squares, but simply as the velo- 
cities. 

When a moving body is opposed by pressure, 
or a resistance like that of gravity, the quantity 
of such resistance required to extinguish the mo- 
tion must serve to measure the force of the body. 
But there are two ways of computing the amount 
of these retarding forces, which lead to different 
results ; both of them just, and neither of them to 
be assun^ed to the excluaon of the other. Sup. 
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pote a body to be i»ojectod popendicularly up- 
wvds, in a directioQ opponte to that of graTitj) 
\rB may either inqaue into the retardation which 
gravity produces during a given itmc, or while 

» the body is moving over a given space. We may 
inquire how long the motion will continue, or 
how far it will carry the body before it be entirely 
exhausted. If we employ the first of these for 
the measure of the force of a body, that force 
n^ust be proportional to the velocity ; for to this ', 
the time is manifestly proportional. If we employ , 
the second, namely, the length of the line which 
the moving body describes, as the measure of the 
force, then it must be as the square of the velo- 
city ; because to that quantity the length of the 
line is known to be proportional. 

Thus we obtain two values of the force ; the 
one proportional to the velocity, the other to the 
square of the velocity. Who does not perceive, 
that the reason of this appareat inconsistency is 
the different meaning applied to the term force in 
the two cases ? 

So far as general principles are concerned, me- 
chanics were nearly brought to a state of perfec 
tion by Newton and the mathematicians of his 
time. Perhaps the principle of the conservation 
of living forces, introduced by John Bernoulli, 
ou^t to be mentioned. 

To understand what is meant by this principle, 
it may be requisite to observe, that to mere pres. 
sure Leibnitz gave the name of vis mortua, or 
dead force, and to the force of moving bodies the 
name of vi$ viva or living force. By the conser. 

' vation of living forces, Bernoulli meant that per. 
manence, through all the |rradual changes of any 
system of connected bodies, in the aggregate of 
the products of their masses into the square of 
their velocities. It abridges the solution of vari- 
ous problems, and was adopted by Daniel Ber- 
noulh, as the basis of his theory of hydrodynamics, 
published in 1738. 

The task of composing a treatise on Dynamics, 
full and original in every part, was taken up by 
Euler. He bestowed upon it all the pains and i^ 
the resources of his penetrating genius. It ap- 

S eared in 1736, in two quarto volumes, entitled 
fechanics, or the Science of Motion, and con- 
tained the most elaborate and complete body of 
analytical investigation that had hitherto ap. 
peared. 

D'Alembert published his Djmamics in 1743, 
and founded the whole of his reasoning upon a 
very simple general principle. In every system of 
homes acting mutually, their several movements, 
at any instant of time, may be decomposed into 
two portions, one which is retained in the next in- 
stant, and the other spent ; and since an equili. 
brium must obtain among the lost motions, an ex- 
pression is thus obtained for the motions which 
are preserved. The most intricate questions in 
dynamics were thus reduced to mere statical pro- 
blems, and solved constantly in the same easy and 
uniform way. Maclaurin's method of expound- 
ing forces b^ co-ordinates, facilitated still further 
the application of this principle, which D'Alem- 
bert in 1744 and 1752 extended also to hydrody- 
namics. 

Segner's theory of the motion of tops deserves 
also to be mentioned. It was published in 1755. 
He shows that every body having a determinate 



figure, which after combined impulsionB is aban. 
doned in free space, will/ besides its progresBive 
motion, perform simultaneously and without the 
smallest interference, a constant and uniform rev. 
olution about each of three principal axes, mu. 
tually perpendicular and passing through the cen- 
tre of gravity. These axes of rotation possess 
some curious properties, which wero afterwards 
investigated by Euler. 

In 1788. Lagrange, by combining the {M^ci. 
pie of D'Alem&rt with that of virtual velocities, 
converted the whole into an absolutely analytical 
science. He referred the efforte of every particle 
of a moving system to three mutual perpendicu. 
lars, and thence derived three several differential 
equations, which, being integrated, would give 
the final solution of the problem. But no general 
formula for integrating such equations has been 
hitherto discovered. ' 

Such is a sketch of the gradual progress of the 
mathematical investigation of mechanics. To 
enumerate the application of these general princi- 
pies to the solution of particular problems — ^to 
point out the gradual improvements which have 
been introduced into the construction of mechani- 
cal engines, and the immense advantages which 
have resulted from these improvements, ci^cially 
in this countiy, where they have been carried to 
the greatest extent, would require a treatise of no 
ordinary len^h, and would be quite incompatible 
with the limits within which we are under the ne. 
cessity of confining ourselves. 



ASTRONOMY.. 

The ancients discovered the planets, and gave 
them names, and noticed their motions, at a very 
early period. The motions of the sun and moon 
could Dot fail to attract their attention, and the 
changes in the seasons which depended upon 
these motions. The phenomena of the eclipses of 
these luminaries, viewed with such apprehension 
by the common people, necessarily attracted the 
attrition of the first observers of the heavenly 
bodies : they soon observed a certain regularity in 
these phenomena, and became, in consequence, 
capable of predicting them. All these appearan- 
ces could not be familiar to them without some 
speculations about the motions of the heavenly 
bodies. 

The stars appeared as so many luminous points 
fixed in the heavenly sphere, having the earth for 
a centre, and revolving on an axis having that 
earth for a centre in the space of twenty-four 
hours. All the stars were found not to partake of 
this diurnal motion in the same degree; some 
were carried slowly to the east, and their paths, 
after a certain interval of time, returned upon 
themselves. The astronomers of the Alexandnan 
school set themselves to ascertain the general 
laws of these motions. This could not be well 
done without a hypothesis ; and the simplest was, 
that the planets move eastwards in circles, and at 
a uniform rate. 

It was soon found, however, that the motion 
eastward was not uniform. The planet began to 
move dower and slower, and, at last, became sta. 
tionary. It then acquired a motion in a contrary 
direction, and, after proceeding for a certain time 
westwards it became stationary, and then moved 
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ipftftwnrds bb at first. These motions were not 
easily itconelled with a unifoim drcular motion. 
The explanation, however, was attempted by 
ApoUonius Fergcns. He conceived that, in the 
circcimferraice of a circle having the earth for its 
centre, there moved the centre a£ another circle, 
in the circumference of which the planet actually 
^ revolved. The first of' these circles was called 
the deferent, and the second, the epicycle f the 
motk>n in the circumference of each was supposed 
uniform. Iiastly, it was conceived that the mo. 
tion of the centre of the epicycle in the circum- 
ference of the deferent, and of the planet in the 
^icyde, were in opposite directions; the first 
being towards the east, and the second towards 
the west. In this way, the alterations from pro- 
gressive to retrograde, with the intermediate rta- 
Sonaiy points, were readily explained ; and Apol. 
lonius carried his investigation so fiar as to deter- 
xmne the ratio betwe^i the radius of the deferent 
and that of the epicycle, from knowing the sta- 
tions and retrogradations of any particular planet. 

HipparchuB, the greatest astronomer among-the 
ancients, discovered the inequality of the sun's ap- 
parent motion round the earth. To express this 
irregrularity, he imagined an epicycle of a small 
radius, with its centre moving imiformly in the 
circumference of a 4arge circle having the earth 
for its centre, while the sun revolved imiformly in 
the circumference of the small circle, but in a con- 
trary direction. 

As other irregularities in the motions of the moon 
and planets were observed, other epicycles were 
introduced ; and Ptolemy, in his Almagest, enu- 
merated all which then appeared necessary, and 
assigned to them such dimensions as enabled them 
to express the phenomena with accuracy. 

By this contrivance the system of the heavens 
became extremely complicated. But it had the 
advantage of subjecting all the motions of the 
sun, moon and planets, very readily to a geomet- 
rical construction, or an arithmetical calculation 
of no great difficulty. Hence the predictions of 
astroncmiical phenomena, the calculation of tables, 
and the comparison of these tables with observa- 
tions, became easy ; and upon this the progress 
of the science depends. We have no evidence 
that the ancient astronomers ever considered the 
epicycles and deferents, which they employed in 
their systems, as having a physical existence, or 
as serving to r^resentmese motions, they merely 
employed them to enable them to calculate the ap. 
parent motions of the heavenly bodies. 

When Europe began to awake fiom the lethar- 
gy of the dark ases, astronomy was- the first of 
the sciences which drew the attention of men of 
science. Purbach and Regiomontanus contribu- 
ted most towards its advancement during the 15th 
century. Purbach resided at Vienna, under the 
patronage of the emperor . Frederick the Third, 
and devoted himsdf to astronomical observations. 
He published an edition of the Aknageti ; and 
thou^^h he neither understood Greek nor Arabic^ 
yet his knowledge of the subject enabled him to 
make it much more perfect than any former 
translation. Regiomontanus was a pupil of Pur- 
badi, and became much more celebrated than his 
master. 

Copernicus, who had the merit of first divining 
the true system of the univeme^ was bom at 



Thorn, in the year 1473, studied at Cracow, and 
ultoately went into the church. A deelaed 
taste for astronomy led himt when very younf, to 
. the study of that science. It eccuired to him, at 
a very early period, to conrader what efiTect the 
motions of the heavenly bodies would have upon 
a spectator, .transferring that motion to the objects 
observed, but as(»ibing to it an opposite direction. 
Itbecame immediately obvious, that the rotation 
of tiie earth, on its axis £rom west to east, would 
produce the apparent motion of the heavens from 
east to west. 

In considering the objections which might be 
made to the system of the earth's motion he rea- 
.sons soundly, though he was not aware of the full 
force of his own argument. Ptolemy had alleged, 
that if the earth were to revolve on its axis, the 
violence of the motion would be sufficient to tear 
it in pieces, and dissipate the parts. Why, pays 
Copernicus, was he not more alarmed for the safe, 
ty of the heavens, if the diurnal motion be 
ascribed to them, as their motion must be more 
rapid in proportion as their magnitude is greater 7 

We need not mention that Copernicus placed 
the sun in the centre, and taught that all the 
planets moved round that luminary in orbits near, 
ly circular. The moon revolved round the earth, 
and the apparent diurnal revolution of the heavens 
fiom east to west was owing to the real diurnal 
revolution of the earth from weat to east. The 
first edition of the Aetronomia Instaurata, in 
which these doctrines appeared, was dedicated to 
the pope, and was publiahed in 1543 a few days 
before the death of the author. 

After Copernicus, Tycho Brahe was the most 
distinguished astronomer of the sixteenth century. 
An eclipse of the sun, which he witnessed in 1560, 
when he was a jroung man, in consequence 
of the exactness with which it answered the 
prediction, inspired him with a veberation for 
the science, and an anxious desire to become 
acquainted with it. Unfortunately for his pro- 
gress, he belonged to a noble family in Denmark 
— a class of men entitled, by their rank, to dis. 
claim the pursuit of knowledge, and extremely 
jealous of the privilege of ignorance. But his 
enthusiasm enabled him to break through the 
trammels of his order. He even acquired the pat. 
ronage of the king of Denmark, and was aUe^ in 
consequence, to erect an observatory in the island 
of Huena, supplied with far better instruments 
than had ever yet been- applied, to astronomical 
observations. Tycho, by means of tliem could 
measure angles to' ten seconds, which was sixty 
times the accuracy of Ptolemy, or of any instru. 
ments that had belonged to the school of Alexan- 
dria. 

His first object was a catalogue of the stars, 
which he was anxious to make more accurate 
than that of Hipparchus and Ptolemy. The great 
difficulty in executing this task, proceeded fipom 
the want of an easy method of determining the 
distance of one heavenly body east or west of 
another. The distance north or south was eaBily 
determined by the common method of meridian 
altitudes. For the equator is a plane, which, for 
any given i^ce on the earth's surface, always re. 
tains the same position. But no plane passing 
through the poles retains a fixed position with re. 
spect to an observer. The natural substitute is the 
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measore of time. B^t this was wanting both to 
the Greek astronomers and to Tycho. Hippar- 
chus and Ptolemy determined the longitude of the 
fixed stars, by referring their places to those of the 
moon. Thus depending on the most irregular of 
the heavenly bodies for determining the position of 
the most fixed. Tycho made use of the planet 
Venus, instead of the moon ; and his method, 
though more tedious, was more accurate than that 
of the Greek astronomers. His catalogue con- 
tained the place of 777 stars. 

The irregularities of the moon*s motion were 
the next subject of inquiry. The ancients had 
diBcoy««d the ine^pality of this planet, depend, 
ing on .the eccentricity of the centre, and now 
called the equation of the centre, Ptolemy had 
added the knowledge of another inequality mthe 
moon*8 motion, to which the name of erection has 
been giyen, causing an increase of the former 
equation at the quarters, and a diminution of it at 
the times of new and fiill moon. Tycho discov. 
ered another inequality, which is greatest af the 
octants, and depends upon the difference between 
the longitude of the moon and of the sun. A 
fourth inequality, depending wholly on the sun's 
place, was known to Tycho, but included among 
the sun's equations. Besides, these observations 
made him acquainted with the changes in the in- 
clination of the plane of the moon's orbit ; and, 
lastly with the irregular Olotion of the nodes, 
which, instead of bemg alwajrs retrograde at the 
same rate, are subject to change that rate, and 
even to become progressive, according to their sit- 
uation in respect to the sun. These constitute all 
the irregularities in the moon's motion known be- 
fore the development of the theory of gravitation, 
and all, except the two first, were discovered by 
Tycho. 

The . atmospherical refiraction, by which the 
heavenly bodies are made to appear more elevat- 
ed above the horizon than they reaUy are, was sus- 
pected, indeed, before the tune of Tycho ; but 
not certainly known to exist. Qe first became 
acquainted with it by finding that the latitude of 
his observatory, as determined by observations at 
the sdstices, and from observations of the greatest 
and least altitudes of the circumpolar stars, al- 
ways differed about four minutes. He supposed 
the effect of refiraction to be 34' at the horizon, 
and to diminish from thence upwards to 45^, 
where it ceases altogether. This last opinion is 
erroneous ; but at 45? it is less than 1', a quanti- 
ty probably not discernible by his instruments in 
ti^e altitudes measured. He contrived an instru- 
ment, on purpose to make the refraction distinct- 
ly viable. It was an equat<»ial circle of ten feet 
mameter, turning on an axis parallel to that of the 
earth. With the sights of this equatorial, he fol- 
k>wed the sun on the day of the summer solstice, 
and found that, as it descended towards the hori- 
zon, it rose above the plane of the instrument. — 
At its setting, the sun was raised above the hori- 
zon by more than its own diameter. 

The comet of 1570 was observed by Tycho, 
and gave rise to a new theory of these bodies. Its 
parallax was 20', showing that it was three times 
farther off than the moon. He considered comets, 
in c(Misequence, as bodies placed far beyond the 
range of our atmo^here, and moving round the 
sun. Hi0 observations on the new star of 1573, 



deserve also to be noticed. It appeared in Gas- 
siopeia, on the 7th of November, all at once, and 
surpassed all the stars in eplendor, being* scarcdy 
inferior to Venus herself. In the month of Jan- 
uary, 1573, it was rather less than Jupiter. From 
this time it was constantly diminishing in splen^ 
dor, and disappeared altogether in the month of 
Mareh, 1574. Pliny informs us that it was the 
appearance of a new star which led Hipparehus 
to think of making a catabgiie of the stars. 

Tycho, notwithstanding his merit as an obser- 
ver, could not prevail upon himself to adopt the 
Gopemican system of the motion of the earth 
round the sun. He made the sun move round 
the earth, while it was at the same time the centre 
of the planetary motion. 

Kepler followed Tycho. He was bom in 1570, 
and at an early age applied himself to the study 
of the heavens. His first discussions related to 
attronomical refiiiction, and to the calculation of 
eclipses. 

He observed that the orbits of the planets are 
in planes passing through the sun, and that of 
consequence the fines of thdr nodes all intersect 
in the centre of that luminary. The opposition 
of the planets, or their places when they pass the 
meridian at midnight, offer the most favorable op. 
portunities for observing them, both because they 
are at that time nearest the earth, and because 
their places seen fix)m thence is the same as if 
they were seen from the sun. But the true time 
of opposition had hitherto been mistaken by 
astronomers, who held it to be at the moment 
when the apparent place of the planet was oppo- 
site to the mean place of the sun. It ought to 
have been when the apparent places of both were 
opposed to each other. This correction was made 
by Kepler, and though violently opposed by 
Tycho, was finally acquiesced in. 

Having undertaken to examine the orbit of 
Mars, in which the irregularities are most con- 
siderable, Kepler discovered by comparing togeth- 
er seven oppositions of that planet, that its (H-bit 
is eUiptical ; that the sun is |>laced in cme of the 
foci ; and that there is no point round which the 
angular motion is uniform. In the pureuit of this 
inquiry he found that the same thing is true of the 
earth's orbit round the sun. It was reasonable 
to conclude by analog, that the orbits of all the 
other planets are eUiptical, having the sun in their 
common focus. 

The industry and patience of Kepler, in these 
investigations,' are almost incredible. Logarithms 
did not yet exist, so that arithmetical calculations 
were extremely laborious. The computation of 
every oppontion of Mars filled ten folio pages ; 
and Kepler repeated each calculaticm ten times. 
Seven oppositions thus calculated filled 700 folio 
pages. In such calculations the introduction of 
hypotheses was unavoidable. Kepler rejected 
them whenever they appeared erroneous, without 
hesitation, regretting merely the time which they 
had usel^y cost him. He began with hypo- 
theses, and ended by rejecting every thing hypo- 
thetical. 

Though the angular motion of the planets was 
not fbund to be uniform, it was discovered that a 
very simple law connected that motion with the 
rectilinear distance firom the sun, the former being 
every where inversely as the square of the latter. 
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Hence it was easy to prove, that the area describ. 
ed b J the line drawn from the i^anet to the sun 
increased at a nniform rate ; and, therefore, that 
any two such areas were proportioned to the times 
in which they were described. 

This was the second of Kepler's three famous 
liWB ; the third was not less remarkable. He 
was of opinion that some simple relation must 
exist between the periodical times of the planets 
aoid their distances from the sun. After an infi> 
nite number of trials, he discovered, to his great 
delight, that in any two planets the squares of the 
times of the revolution are as the cubes of thei( 
mean distances from the sun. 

It. is humiliating to be obliged to state, that 
these great discoveries were at first underrated by 
astronomers, and that they even reproached Kep- 
ler for making them ; because, in calculating the 
place of a planet, they introduced a problem too 
difficult to be resolved by elementary geometry. 

While Kepler was thus perfecting the theory of 
the planetary moticms, Galileo had constructed a 
telescope, and directed it to the moon. The ap. 
pearance of that luminary, under the telescope, is 
now so well known, that we.need not describe it. 
The effect produced upon the mind of Galileo 
may be easily conceived. He became satisfied of 
the resemblance between the surface of the moon 
and that of the earth.. The telescope brought 
into view multitudes of fixed stars, which cannot 
be seen by the naked eye. In Jupiter he observed 
a large disc, approachmg in size to the moon. — 
Near it he saw, for the mst time, three luminous 
points in a straight line ; two of them on one 
side, and one on the other. By observing them, 
however, night after night, he found these small 
stars to be four in number, and to be moons or 
satellites accompanying Jupiter, and revolving 
round him as the moon does round the earth. 

In Saturn he saw one large disc, with two 
smaller ones very near it, and diametrically oppo. 
site, and always seen in the same places. But 
more powerfyl telescopes were wanting before 
these appearances could be interpreted. 

The homed figure of Venus, and the gibbosity 
of Mars, added to the evidence of thaCopemican 
syatom, and verified the c<mjecture of its author, 
who ventured to say, that if the sight were suf- 
ficiently powerful, we should see Mercury and 
Venus exhibiting phases similar to that of the 
moon. 

These discoveries were probably the most s{den. 
did that ever fell to the lot of any individiml. — 
In a more enlightened age they would have se- 
cured the gratitude and admiration of the whole 
scientific world. But Galileo had raised a host 
of enemies, by attemptmg to overturn the Aris- 
toteiian doctrines, and the church itself was 
roused to action, because it had staked its infrdli- 
bility in support of dogmas which the discoveries 
and reasomng of Galileo had overtumed. Gal- 
ileo was twice brought before the inquisition; 
and a council ot seven cardimls pronounced the 
following sentence : ** That to maintain the sun 
to be' immovable, and without local motion in 
the centre of the worid, is an absurd propomtion, 
false in philosoph]^, heretical in rdigion, and 
contrary to the testimony of Scripture. That it 
is equally absurd and frdse in philosophy to assert, 
that the earth is not umnovable in the centre of 



the world, and, considered, theologically, equally 
erroneous and heretical." 

Here was an example, among many others that 
might be given, of a number of men who conceived 
that power was able to subdue truth. But the 
puny effi>rts of popes and cardinals are totally » 
unable to stop the steady flow of human know^ 
ledge. But who pays any re^d to it?* A 
promise was extorted from Gahleo that he would 
not teach the doctrine of the earth's motion, either • 
by speaking or writing. But this promise he did 
not keep; His third dialogne, published long 
afterwards, contains a frdl display of the beauty 
of the new system, and such an exposure of the 
inconsistencies of Ptolemy and Tycho, as com- 
pleted the triumph of the new system. ;::^> 

In 1663, when he was seventy years of age, he 
was again brought before the inquisition, and 
forced solemnly to disavow his belief in the earth's 
motion. He was condemned to perpetual impris. 
onment; though the sentence was afterwards 
mitigated, and he was allowed to return to Flor. 
ence. This sentence sank heavily into his mind ; 
he never after either talked or wrote on the sub- 
ject of astronomy. But no decisions of popes or 
inquisitors could stop the progress of tn^th. The 
opmion that the earth is one of the planets, and 
that, like the others, it moves round the sun in an 
elliptical orbit, became more and more prevalent, 
and was soon universally embraced. 

The time was now come when the motione^ of 
the heavenly bodies were to be compared with the 
laws of motion, as known on the earth. For this 
comparison, ^and for the development of a new 
science, the sublimest that has hitherto been ex. 
exposed to the eyes of mankind, the world is in- 
debted to Newton. In the year 1666, when he 
was a very young man, he was driven from Cam- 
bridge by the plague. As he sat one day in his 
garden, musing on the nature of the mysterious 
force by which 3ie phenomena at the earth's sur. 
face are so much regulated, he observed an 
apple fall from a tree. The thought occurred to 
faim, since gravity is a tendency not confined to 
bodies on the very surface of the earth ; but since ^ 
it reaches to the tops of trees, and to the summits 
of the highest mountains, without its intensity 
suffering any sensible change, why may it not 
reach to a much greater distance, and even to the 
moon itself? And if so, may not the moon be 
retained in her orbit by gravity, and forced to 
describe a curve, like a projectile, on the sm'friee 
of the earth ? Here another consideration very 
natinaily occurred. Though gravity be not s«i. 
sibly weakened at small distances from the earth, 
yet it may be weakened at greater distances, and 
at the moon may be much less. To estimate the 
quantity of diminution, Newton seems to have 
reasoned thus : If- the moon be retained in heF*^ 
orbit by the gravitation of the earth, it is proba- \ 
ble that the planets likewise are carried round the ^, 
sun, in consequence of a amilar power directed to ^ 



* In the edttloa of Newton'8 Princi^ Matbematiea by 
the JesDits, Le Sear abd- Jacquier, pnoted at Heme in th« 
^ear 1742, there occurs at the beginning of the third book 
the following declaration, by the rere'end editors: "New- 
ton in this third book has assnmsd the bypotbekis of (he 
motion of the earth. The propositions of the author eoold 
not be explained without adopting that hypothesis. , We 
were therefore forced, ia conseqaenee, to adopt theopimn 
of anotiaer person. Bat we acknowledge oarselrea ebedtem 
to the decrees of the pope.against the motion of the earUt.^ 
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i fsantov of that IttBun^ry. He proceeded, there, 
fore, to inquire bj what law the gravitation of the 
planets to the sun must diminish, in order to cor- 
xe»ond with Kepler's third law. 

Such an investigation would have been bejrond 
^ the power of most mathematicians of that age ; 
^but Newton Boon discovered that Kepler's law 
would reqiare the force of mmty to diminish ex- 
actly as the square of the distance increased. The 
. moon, therefore, being distant from the earth about 
sixty semi-diameters of the earth, the force of 
gravity at that distance must be reduced to the 
3600th part of what it is at the earth's surface. 
Was the deflexion of the moon, then, fix>m the 
tanffent of her orbit in a second of time, just the 
36(K)th part of the distance which a heavy bodj 
falls in a second at the earth's surface? This 
questiMi could be precisely answered, suj^Ktsing 
the moon's distance in feet known, and her angu- 
lar velocity, or the time of her revolution in her 
orbit also known. 

Being at a distance from books, he took the 
common estimate of the earth's circumference 
then in use ; according to which, a degree was 
held equal to sixty miles. This being an errone- 
ovm supposition, the result of the calculation did 
not rep'-estot the force as adequate to produce the 
eflect. Hence Newton concluded that some 
other cause than gravity must act on the moon, 
and laid aside, in consequence, all further specu- 
lations on the sdbject for the time. 

' Some years alter, his attention was again called 
to the subject bj a letter from Dr. Hooke, propos. 
ing, as a question, to determine the line in which 
a body let fall from a bight descends to the ground, 
taking into consideration the motion to the earth 
on its axis. This led him to resume the subject 
of the nation's motion, and the measure of a de- 
gree by Norwood having now furnished more 
exact data, he found that his calculation gave 
the precise quantity for the moon's momentary 
deflexion from the tangent of her orbit, which 
was deduced from astronomical observation. The 
moon, therefore, has a tendency to descend to the 
earth from the eame cause that a stone at its sur- 
fiice has ; and if the descent of a stone in a second 
be diminishec||in the ratio of 1 to 3600, it will 
give the quantity which the moon descends in a 
second below the tangent of her orbit. Thus is 
obtained an experimental proof that gravity de- 
creases as the square of the distance increases. 
t ^^e had ahready found that the times of the plane- 

/ tary revolutions, supposing their orbits to be cir- 
cular, led to the same conclusion. He now pro- 
ceeded, with a view to the solution of Hooke's 
problem, to inquire what their orbits must be, 
supposing the centripetal force to be inversely as 
the square of the distance, and the initial force 
to be any whatever. On this subject, we are told, 
that he composed about a dozen propositions pro- 
bably those at the beginning of the Principia. 

Aiter this noble opening it is very surprising 
that he again dropp^ the investigation, and was 
Hot induced to take it up again till several years 
after, when Dr. Halley paid him a visit at Cam- 
bridge, and prevailed upon him to renew and ex- 
/tend his researches. 
" k- He then found that the three laws of Kepler 

f are direct consequences of the eysteiQ of gravita- 
tioa. He «howed that they all followed from the 



law that the phmets gravitate to the Ban« with a 
force inversely as the square of the distances. It 
added much to this evidence that the ofaaenra ! 
tions of Cassini had proved the same laws to pie. i 
vail among the satelhtes of Jupiter. 

Did the principle which appears to unite the 
great bodies of the universe act only on thess 
bodies ? Did it r^de merely in their centres, or 
was it a force common to all the particles of 
matter? It could hardly be doubted that this 
tendency was common to all the particles of mat. 
ter. For the centres of the great bodies had m 
properties, bu;t those derived from the particks 
distributed around thmn. But the questioQ ad- 
mitted of being brought to a better test than mere 
abstract reasoning. The bodies between which 
this tendency hwl been observed to take place 
'were all round bodies, and nearly q>herical, and 
whether large or small, they seemed to gravitate 
towards each other, acooraing to the same law. 
The planets gravitate to the son, the moon to the 
earth, the satellites of Jupiter to that planet — and 
gravity, in all these cases, varies inversdy as the 
square of the distances. It was, therefore, safe 
to infer that however small the bodies, provided 
they were round, they would gravitate to each 
other with forces varymg inversely as the squans 
of the distances. It was probable, then, that 
gravity was the mutual tendency of all the parti, 
cles of matter to each other^ But this could not 
be concluded with certainty, till it was known 
whether great ipherical bodies, composed of par- 
ticles giavitatiu^ according to this law, would 
themselves gravitate according to the same. 

This problem Newton undertoc^L to solve. He 
reduced it to the quadrature of curves, and fowid, 
no doubt, with delight, that the law was theaame 
for the liphere as for the particles which compose « 
it. That the gravitation was directed to the 
centre of the sphere, and was, as the quantity of 
matter contained in it, divided by the square of 
the distance from the centre. Thus a complete 
expression was obtained for the law of ^avity, 
involving both the conditions on which it murt 
depend, the quantity of matter in the gravitating 
bodies, c^d the distance at which the bodies are 
placed. There could be no doubt that thn ten- 
dency was always mutual, and there was no ex- 
ception to the rule that action and reaction are 
equal. So that if a stone gravitates to the earth, 
the earth equaUy gravitates to the stone ; or,' in 
other words, the two bodies approach each other 
with velocities which are inversely as their quan. 
tities of matter. 

Newton went further, and showed how the 
quantity of matter, and even the density of the 
planets, might be determined. In the way already 
explained, he was enabled to compare the inten- 
sity of the earth's gravitation to the sun, with 
that of the moon to the earth, each being mea. 
sured by the momentary deflexion from the tan. 
gent to the small areh of its orbit. A more de. 
tailed investigati<m riiowed that the intensity of 
the central force in different orbits, is as the mean 
distance divided by the square of the periodic 
time. And the same intensity being also, as the 
quantities of matter divided by the squares of the 
distances, it ftdlows that these two quotients aia 
e^jual to each other ; and that, therefore, the qttan. 
tities of matter are as the mean distances divided 
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by t^e squares oi the periodic time. Suppo«ng, 
therefore, that the ratio of the mean distance of 
the sun from the earth, to the. mean distance of 
the moon from the earth is given ; as the ratio of 
their periodic times is also known, the ratio of the 
quantity of matter in the sun, to the quantity of 
matter in the earth, of consequence is found. 
And the same thin^ holds in all the planets which 
have satellites moymg round them. Hence also 
their mean densities, or specific gravities, become 
known. 

The' Principia PkilosophtB Naturalise which 
contained all these discoveries, was published in 
the year 1687 ; and many years elapsed before 
it beHcame generally known and understood. 
' The principle of gravity thus fuUy cstabhshed, 
and its consequences developed, was not men. 
tioned by Newton for the first time. Some curi- 
ous references to it are found in the writings of 
the ancients ; and Copernicus, Kepler, and Hooke 
entertained opinions respecting it approaching 
much nearer to accuracy. *^ I do not think," 
says Copernicus, " that gravity is any thing else 
than an appetency of the parts of the earth given 
by the providence of the Supreme Being, that by 
uniting together they may assume the form of a 
globe. It is pxobable that this same afiectiori be- 
longs to the sun^the moon, and the fixed stars, 
which are all of a round form." 

Kepler, in his great work on the Motions of 
MarSf treats of gravity as a force acting naturaUy 
from planet to planet, and particularly from the 
earth to the moon. ** If the moon and the earth 
were not retained by some animal or equivalent 
force, each in its orbit, the earth would ascend to 
the moon by a 54th part of the interval between 
them, while the moon moved over the remaining 
fifty-three parts; that is, supposing them of the 
same densitj." This passage displays a curious 
mixture of ignorance and knowl^ge respecting 
the planetary moticms. 

Hooke made a near approach to trutli than imy 
of his predecessors. In his attempt to prove the 
motion of the earth in 1674, he lays it down as a 
principle, that the heavenly bodies have an attrac- 
tion towards their own centres, which extends to 
other' bodies within the sphere of their activity. 
The force of gravity he considered as greatest 
nearest the body, though he could not determine 
the rate of variation. These were considerable 
advances, though his opinions were mixed with 
much eiTor and much ignorance. Yet he was 
disingenuous enough, when Newton had deter, 
min^ the law according to which gravitation 
varies, to lay claim himself to the discovery. 

Of all the physical principles that have been 
hitherto made known, there is none so fruitful in 
consequences as that of fp^vitation. The same 
sagacity that led to the discovery was necessary 
to trace its consequences. 

The mutual gravitation of all bodies being ad- 
mitted, it was evident that, while the planets 
were describing their orbits round the sun, they 
must mututdly attract one another; and hence, 
in their revolutions some irregularities, from the 
description of equal areas in equal times, might 
•be expected. But hitherto such irregularities 
had been observed only in the revolutions of the 
moon. This led Newton to inquire what the 
iteces were, which, according to the laws just 



discovered, could produce the irregularities in 
question. The moon must be acted on not only 
by the earth, but also by the sun ; and it was at 
once evident that the force which was sufficient 
to bend the orbit of the earth into the form of an 
ellipse, must have a sensible effect on the orbit 
of the moon. He showed that it is not the whole 
force which the sun exerts on the moon that dis. 
'turbs her motioil round the earth, but only the 
di^^nce between that force and the force which 
the' sun exerts on the earth. To obtain exact 
measures of the disturbing forces, he supposed the 
entire force of the sun on the moon to be resolved 
into two, of which one always passed through the 
centre of the earth, and the other was always 
parallel to the line joining the sun and earth, 
consequently to the direction of the force of the 
sun on the earth. The former of these forces 
being directed to the centre of the earth, does not 
prevent the moon from describing round the earth 
equal areas in equal times. But the effect of it 
on the whole is to diminish the gravitation of the 
moon to the earth about one 358th part, to in. 
crease her mean distance in the same proporti<»i, 
and her angular motion by about a 179th. He 
proved, by a very subtle investigation, that these 
forces would not sensibly change the elliptical 
orbit of the moon, but that the orbit itself would 
be rendered movable ; its longer axis having an 
angular and progressive motion, by which it ad. 
vanced over a certain arc during each revolution 
of the moon. This afforded an explanation of the 
motion of the apsides of the lunar orbit, which 
had been observed to go forward at the rate of 
3° 4' neariy, during the time of the moon*s revo. 
lution, in respect of the fixed stars. 

But the exact quantity of the motion of the 
apsides did not correspond with the diminution 
of the moon's gravity, as above assigned. There 
was, therefore, a cloud overshadowmg this part 
of the lunar theory, which was not dissipated till 
a greater advance in mathematical knowledge 
put it in the power of subsequent astronomers to 
investigate the subject completely. 

The line of the lunar nodes had been observed 
to retrograde at the rate of 3*^ 10' every day. 
Newton showed that the second of the forces 
into which the solar action was resolved, being 
exerted not in the plane of the moon's orbit, but 
in that of the ecliptic, inclined to the fcrmer, at 
an angle somewhat greater than five degrees, its 
effect must be to draw down the moon to the 
plane of the ecliptic, sooner than it would other, 
wise arrive at it ; in consequence of which, the 
intersection of the two planes would approach, 
as it were, towards the moon, or move in a direc 
tion opposite to that of the moon's motion, or be- 
come retrograde. From the quantity of the solar 
force, and the inclination of the moon's orbit, 
Newton determined the mean quantity of this 
retrogradation, as well as the irregularities to 
which it is subject, and found both to agree, cor . 
responding very accurately with observation. 

The lunar inequality discovered bv Tycho, 
and called l^ him the Variation^ which consists 
in the alternate acceleration and retardation of 
the moon in each quarter of her revolution, was 
accurately determined from theoiy, such as it is 
found by observation. The same remark applies 
to the annual equation, which had been long eon- 
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founded, with the equation of time. It does not 
appear that Newton attempted an exact determi. 
nation of the other inequalities of the lunar motion. 
He 6atiq6ed himself with the general truth, that 
the principle of the «un*s disturbing force led to 
the supposition of inequalities of the same kind 
with those actually ol»erved. The full knowl- 
edge of all these inequalities, and their exact ac> 
cordance with theory, was reserved for a future 
period, when a more perfect state of the calculus 
enabled philosophers to investigate the whole 
subject. 

The earth, in ccmsequence of its rotation on its 
axis, is influenced by a centrifugal force, which 
must act most powerf ally on the parts most distant 
from the axis. The amount of this centrifugal 
force is greatest at the equator ; and being meas. 
ured by the momentary recess of any point from 
the tangent, which was known from the earth's 
rotation, it could be compared with the force of 
gravity at the same place^ measured in like man. 
ner by the descent of a heavy body in the first 
moment of its faU. Newton found that the 
centrifugal force at the equator is the 289th 
part of gravitation, dimini^ng continuaUy as 
the cosine of the latitude, on going from the 
equator to the poles, where it vamshes altogether. 
From the combination of this force with that of 
gravity, it follows that the plumb line cannot tend 
exactly to the earth's centre, and that a true hori- 
zontal line, such as is drawn by leveling, if con- 
tinued from either pole in the plane of a meridian 
all around the earth, would not be a circle but 
an ellipse, having its greatest axis in the plane of 
the equator, and its least in the direction of the 
axis of the earth's rotation. Now the surface of 
the ocean itself actually traces this level, as it ex- 
tends from the equator to. the poles. Hence it 
foUows, that the figure of the earth is an oblate 
f^heroid, or a solid generated by the revolution of 
the elliptic meridian about its shorter axis. To 
determine the proportion of the axis spheroid, 
Newton conceived that, if the waters at the pole 
and at the equator were to communicate by a 
canal through the interior of the earth, one branch 
reaching from the pole to the centre, and the 
other at right angles to it from the centre to the 
circumference of the equator, the water in this 
canal must be in equilibrio, or the weight of the 
fluid in the one branch just equal to that in the 
other. By a very suitable process of reasoning, 
he found that the length of the equatorial canal 
must be to that of the polar as 230 to 229. It 
was demonstrated afterwards by Maclaurin and 
Clairaut, that this is in fact the ratio of the two 
diameters of the earth, supposing its specific 
gravity to be homogeneous from circumference to 
the centre, so as to be infinitely great at the cen- 
tre, then the diflerence between the two diameters 
would be minimum, and would amount only lo 
one 578th part. Mr. Ivory has examined this 
subject with his usual sagacity and profound 
mathematical knowledge, and concludes that the 
true difference between the length of the two 
diameters is one 300th part. This determination, 
we may safely assume, as exceedingly near the 
truth. 

From the figure of the earth thus determined, 
Newton showed that the intensity of gravity at 
any point of the surfece, is inversely as the dis-- 



tance of that point from the centre. Its increase, 
therefore, in going from the equator to the poles, 
18 as the square of the sine of the latitude, the 
same ratio in which the degrees of the meridian 
increase. As gravity diminishes in goings from 
the poles to the equator, it follows that a pen- 
dulum of a given length would vibrate slower 
when earned from Eur^ to the torrid zone. 
This had been already verified by the observa 
tions of Varin and De Hayes, made at Cayenne 
and Martinique. 

What is called the precession of the equinoxes, 
or the retrogradaticm of the equinoctial points, had 
been long known. Ito rate had been found to 
amount nearly to 50" annuaUy, so as to complete 
an entire revolution of the heavens in 25,920 
years. Nothing seemed more difiicult to explain 
than this phenomenon— no preceding astronomer 
had even thrown out a conjecture on the subject. 
It was reserved for the sagacity of Newton. He 
was directed by a certain analogy between the 
precession of the equinoxes, and the retrograda- 
tion of the moon's nodes, a phenomenon to which 
his calculus had been already successfully ap- 
plied. The spheroidal shell, or ring of matter 
which surrounds the earth in the direction of the 
equator, being one half above th» plane of the 
ecliptic, and one half below, is subjected to the 
action of the solar force, the tendency of which 
is to make this ring turn on the line of its inter- 
section with the ecliptic, so as ultimately to coin- 
cide with the plane of that circle. This would 
have happened long since if the earth had not 
turned on its axis. The effect of the ration of 
the spheroidal ring finom west to east, at the same 
time that it is drawn down towards the plane of 
theeUptic, is to preserve the inclination of these 
two planes unchanged, but to make their inter- 
section move in a duection opposite to that of the 
diupial rotation, that is, from east to west, or coo. 
traryto theorderof the mras; 10" appeared to 
be the part of the effect due to the moon's at- 
traction, and 40" to the attraction of the sun.~ 
How Newton obtained these numbers does not 
appear; his data seem scarcely suflicient for the 
ptupoee; yet as his results are correct, the proba- 
bility is that he was in possession of data which 
he has not stated to his readers. The subject was 
completed at the interval of a century, by the ex- 
ertions of Lagrange and Laplace. _ 

Newton next turned his attention to the phe- 
nomena of the tides, the dependence of which on 
the sun and moon was sufiiciently obvious 
to common observation. That the moon has the 
greatest effect in producing the tide, is evident 
^fix>m this, that high wat:r alwajs occurs at a 
place nearly at the time when the moon is in the 
same meridian, that the daily retardation of the 
tide is synchronous with the retardation of the 
moon in her diurnal revolution. It is equally evi- 
dent that the sun is concerned in the tides, as the 
highest tides happen when the sun, moon> and 
earth are all three in a straight line, and lowest 
tides when the lines drawn from the sun and moon 
to the earth make right angles with each other. 

Newton perceived that the waters revolving 
round the earth are nearly in a condition of a sateU 
lite revolving about its primary, and liable to the 
same kind of disturbance frx>m a third body. — 
High water always takes place in the hem- 
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isphere where the moon is, and in the opposite 
hemisphere where the moon is not, nearly at the 
same time. Now if the action of the moon dis- 
turb the equilibriam of the ocean, just as the ac 
tlon of one planet disturbs the motion of a satteU 
lite moving round another, this is ezacldy what 
migrht be expected. It has been proved that the 
moon when in conjunction with the sun, had her 
gravitation to the earth diminished, and when, in 
opposition to the sun, has it diminished very near- 
]y by the same quantity. For at the new moon 
the moon is drawn to the sun more than the earth 
is, and at the full moon the earth is drawn |to the 
sun more than the moon is, and nearly by the 
same quantity ; the relative motion of the two 
bodies is, therefore, aflected the same way in both 
cases, and the gravity of the moon to the earth is 
in both cases lessened. 

The action of the moon on the waters of the 
ocean must be regulated by the same principle.-^ 
In the hemisphere where the moon is, the waters 
are more drawn to the moon than the earth is ; 
and its gravity being lessened, the column to. 
wards the middle of the hemisphere lengthens in 
consequence of the pressure of the waters, which 
are at a distance from the middle point of which 
the weight is let» diminished, or at the horizon 
even increased. In the opposite hemisphere the 
earth is more drawn to the moon than the waters, 
and their relative tendencies are changed in the 
same direction," and nearly by the same quantity. 
The attraction of the sun and moon conspire to 
elevate the waters of the ocean, whether these lu- 
minaries be in opposition or conjunction. In 
both cases the solar and lunar tides are added to- 
gether, and the tide actually observed is the sum 
of both. At the quadratures these two tides are 
opposed to one another, the high water of the lu- 
nar tide coinciding with the^ low water of the so- 
lar tide, and vice versa ; so that the tide actually 
observed is the difference between the two. 

Newton had no data for measuring the lunar 
force in producing the tides. But a measure for 
the solar force, as it acts on the moon, had been 
obtained. It had been shown to be y-y^th of the 
force which retains the moon in her orbit. This 
last is A A ^ th of the force of gravity at the earth's 

surface ; and, therefore, the force with which the 
sun disturbs the moon's motion is jl^ x 3 A a of 
gravity at the earth's surface. This is ihi6 solar 
disturbing force on the moon, distant sixty semi- 
diameters from the edrth's centre ; but on a body 
only one semi-diameter distant from that centre 
(that is, on the water of the ocean) the disturb- 
ittff force will be sixty times, less, or . ^ ^ ^^ > a ^- 

* J » » 38448000 

only of gravity at the earth's surface. 

Now this being the mean force of the sun, is 
that by which it acts on tlie waters ninety degrees 
distant from tlie point where it is vertical, where 
it is added to gravity, and tends to increase the 
weight and lower the level of the waters. At 
the point where the sun is vertical the force to 
raise the water is about double this ; and there- 
fore, the whole force tending ip raise the level of 
the high above that of the low water, is three 
times the preceding, or about i g3i\;(^flQ o^ g^a- 
vitv. Newton had previously shown that the cen- 
trinigal f^rcr, amor.nting to --^_ of gravity, w^s 



able to raise the levtH of the ocean -above eeven^ 
teen miles. This enabled him to conclade, that 
the elevation of the waters, produced by the solar 
force, will come ont 1.92 French feet. From a 
comparison of the spring and neap tides, that is, 
of the sum and difierence of the lunar and solar 
forces, it appears that the force of the moon is to 
that of the sun as 4-48 to 1. Hence the moon 
will raise the waters 8-63 French feet, making to- 
gether 10^ feet, which agrees pretty well with 
what is observed in thaopen sea at a distance from 
the land. 

F/om the force which the moon exerts on the 
waters of the ocean, Newton concluded that the 
quantity of matter in the moon is to that in the 
earth as 1 to 39-78, or, in round numbos, as 1 to 
40. He found also the density of the earth as 11 
to 9. 

Much has been done upon the tides by M aclau^ 
rin, Bemouilli, Euler, and Laplace ; but the origi- 
nal dedifttion of Newton, of which an idea has 
just been given, will be forever memorable. 

The motion of comets still remained to be dis- 

cussed. They had only lately been placed beyond 

the range of the earth's atmosphere ; but with'ic 

spect to their motion, astronomers were not agreed. 

Kepler thought that they moved in straight lines, 

Cassini that they moved in the planes of great 

circles, but with little curvature. Hevelius had 

shown the curvature of their path, to be greatest 

when nearest the sim. A parabola having its ver- 

tex in that point, seemed to him to be the line in 

which the comets moved. Newton, satisfied of 

the universality of gravitation, had no doubt that 

the orbits of the planets were conic sections, hay. 

in^ the sun in one foci. The curve might be an 

elhpse, a parabola, or an hyperbola, according to 

the relation between the force of projection and 

the force tending to the centre. As the eccen- 

tncity of the orbit is very great, the portion of it 

that fell within our view could not diflfer much 

from a parabola. This rendered the calculation 

of the comet's place, when the position of the or. 

bit was once ascertained, more easy than in the 

case o0 the planets. From three observations of 

the comet, tiie position of the orbit could be de. 

termined, though the geometrical problem was 

one of great difficulty. Newton gave a solution 

of it, and it was by this that his theory was 

to be brought to the test of experiment. If the 

orbit thus calculated was not the true one, the 

places of the comet calculated on the supposition 

that it was, and that it described equal areas in 

equal times about the sun, could not agree with 

the places -actually observed. Newton showed, 

by the example of the remarkable comet then 

(1680) visible, that this agreement was as great 

as could be expected. Thus another proof wu 

^ven in support of the principle of universal grav- 

itation. 

Wc have been thus particular in. tracing the 
discoveries of Newton, because they constitute 
the most memorable, the most successfrd, ihh 
most difficult, and the most sublime set of inves- 
tigations which had hitherto been attempted* — 
The more the doctrine of universal gravitation 
has been investigated, the more firmly has its 
truth been established. Every improvement in 
the infroitesimai calculus has given mathemati 
cians (if the expression may be pennitted) a finn« 
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er mtpof the umTerae. Neweffi>rt8of the mu- 
tmu action of the planets on each other have been 
detected ; but all according most harmoniouslj, 
or rather lemilting as a necessary consequence of 
the law of uniTersal gravitation, as laid down and 
investigated by Newton. No other dqiartment 
of science can be compared to this; no other 
hnmeh ' of human knowledge can be specifi. 
ed, which is built on a foundation so firm that 
every succeeding investigation has served only to 
rencfer it more secure. No other theory can be 
ejdiibited so perfect, that every minute fact might 
be deduced a priori as a consequence of it ; and 
which does not contain a single phenomenon 
within the whole range of the science that is not 
merely not inconsistant with it, but which does 
not duectl^ flow from it. 

^ The Prtncipia appeared in 1687 ; and the doc. 
trines which they contained were immediately em- 
braced by a small number of British mathemati. 
cians who were able to read and understand that 
immortal work. But on the continent it was treat, 
ed at first with neglect, and an indifference bor. 
denng on contempt. The only mathematical 
competitor that Newton had on the continent was 
Leibnitz, with his disciples and staunch adherents, 
the two BemouUis. The question respecting the 
original discoverer of the fluctionary calculus was 
not yet agitated. Yet the German mathemati. 
cians do not seem to have given themselves the 
trouble of making themsdves masters of the 
Prinoipi^ The cautious mode of investigation 
which Newton had adopted did not quite accord 
with the genius of Leibnitz, who was fond of 
metaphysics, and in the habit of introducing them 
into most of his investigations. 

France, which has smce that period produced 
so many eminent mathematicians, owing to the 
fostering care of her government, codild not at 
that time boast of any of very great eminence. — 
The philosophv of Descartes was every where 
prevalent ; and his vortices, which it was the ob. 
jectof the Principia to overturn and subvert, were 
too dear to the French to enable them to judge 
of the doctrines of Newton with the requisite im. 
partiality. Accordingly, the first mathematician 
who ventured publicly to defend the doctrines of 
of Newton was Maupertuis. In the year 1732 
he published a work, in which he drew a compar- 
ison beween the systems of Descartes and New- 
ton, and showed the superioritv of the latter. — 
Fontenelle, however, in his Eloge of Newton, 
inserted in the Memoires of the Academy for 
1727, admits the infinite merit of the Principia 
and states the universal shout of admiration, 
which, after a long interval of years, was raised 
from eveiy country in his praise. But nothing 
conformable to the Newtonian principle had at that 
period appeared in France ; we suspect, indeed, 
that we might say that nothing conformable to it 
hadappeared in Europe. 

It IS curious, and contributes not a little to lead 
us into the diaracter of our lively neighbors, that 
the great apostle of Newton in France, the per- 
son who contributed most to make his opinions 
known and adopted, was Voltaire. 

!^ntenelle continued a Cartesan to the end of 
his days. Cassini and Miraldi seem to have been 
quite unacquainted with the Newtonian system, 
and coatinued the most vague and imaginary hy- 



potheses for calculating the paths of comets, after 
nalley had computed tables from whidi the mo. 
tions of all the comets, that had ever appeared, 
or ever could appear, might be easily deduced. 

We must now proceed to notice the most 
important additions which have been made 
in astronomy since the appearance of the Frinci. 
pia. 

1. The abberration of the Fixed Stars. — Drs 
Bradley and Mollneuz, in the end of they ear. 1725, 
were occupied in searching for the parallax of the 
fixed stars by means of a zenith sector, which was 
erected at Kew. It was of great diameter, and 
furnished with a telescope twenty four feet long, 
with which they proposed to observe the tran. 
sits of stars near the zeuith, according to a method 
first suggested by Hooke, and pursued by him so 
far as to induce him to think that he had actually 
discovered the parallax of y Draconis, the bright 
star in the head of the dragon, on which he made 
his observations. They began to observe the 
transits of the same star on Uie 3d of December, 
when the distance from the zenith at which it 
]»assed was carefully marked. By the observa- 
tions of the following days, the star seemed to be 
moving south; and about the beginning of March 
in the following year, it had got 20" to the couth 
and was then nearly stationary. In the begin, 
ning of June it had come back to the same situa. 
tion where it was first observed ; and firom thence 
it continued its motion northwards till September, 
when it was about 20" north from where it was 
first seen; its whole declination amounting to 
40". 

This motion surprised the observers a good deal ; 
as it lay the contrary way to what it would have 
done had it proceeded fix>m the jparallax of the 
star. But the repetition of their observations 
proved their accuracy. They were afterwards 
continued by Bradley, with another sector of 
smaller radius, but large enough for the purpose ; 
which embraced a larger arch, and admitted the 
observation of stars which passed at a ^ater dis. 
tancefrom the zenith. Even with this addition, 
the observation did not put Bradley in possession 
of the complete feet. They only gave him the 
motion of each star in declination, but not in 
right ascension. 

After considering the subject with the greatest 
attention; and excluding all those causes which 
were inadequate to produce the effect, it occurred 
to him that the apparent motions might be produ- 
ced from the progressive motion of light, com- 
bined with the motion of the earth in its orbit. — 
If the earth were at rest, it is evident that a tele, 
scope, to admit a ray of light from a star to pass 
alonv its axis, must be directed to the star itself. 
But if the earth (and of course the telescope) be 
in motion, it must be inclined forward, so as to be 
in the diagonal of a psLrallelogram, the sides of 
which represent the motion of the earth and the 
motion of light, or in the direction of these mo- 
tions, and in the ratio of their velocities. It is 
with the telescope just as with the vane at the 
mast-head of a ship. When the ship is at anchor 
the vane takes exactly the direction of the wind ; 
but when the ship is under way it places itself in 
the diagonal of a parallelogram, of which one side 
represents the velocity of the ship, and the other 
the velocity of the wmd. 



Progress of Phygiecd Scienet' 



28 



The telescope, therefore, through which a star 
is viewed, and by the axis of which the^positioii 
of the star is determined, must make an angle 
with the straight line drawn to the star ; except 
when the earth moves directly to the star, or di. 
rectly Irom it. Hence it follows, that if the star 
be in the pole of the ecliptic, the telescope must 
be pointed forwards in the directioon of the earth's 
motion, always by the same angle ; so that the 
star would be seen out of its true place by that an. 
gle, and would appear to describe a cirele round the 
pole of the ecliptic, the radius of which subtended 
at the earth an angle, of which the sine is to 
unity as the velocity of the earth to the velocity 
of light. 

These velocities Bradley took at 1 to 10313, as 
most suitable to his observations, which made the 
radius of the circle of aberration 20", and the 
transverse axis of the ellipse, or the whole change 
of place, 40". It was the shorter axis which 
Bradley had actuallv observed 'in the case of y 
Draconis, that star being very near the solstitial 
colure, so that its changes of declination and of 
latitude are almost the same. 

To show the truth of his theory, he computed 
the abberration of diflferent stars, and, on compar- 
ing the results with observation, the coincidence 
appeared alpiost perfect, so that no doubt remain- 
ed concerning the truth of the principle on which 
he had founded his calculations. He did not ex- 
plain the rules themselves. Clairaut published 
the first investigation of them in the Memoirs of 
the Academy of Sciences for 1737. Simpson al- 
so gave a demonstration of them in his Essays^ 
published in 1740. 

2. Figure of the earth. Newton, from the 
theory of universal gravitation, had shown that 
the figure of the earm was an oblate spheroid, flat- 
tened at the poles. But the trigonometrical meas. 
urement of France, begun by ricard in 1675, and 
finished by Cassiniin 1716, led to a difl^rent con- 
clusion. For the degrees on the north of Paris, 
instead of lengthening, as ought to have been the 
case, according to Newton's theory, were shorter 
by aboul-j-l_thpart than those to the south of that 

4o 

capital. This indicated the diameter of the earth 
through the poles longer than the equatorial diam- 
eter, in the proportion of 96 to 95. This was laid 
hold of by the Cartesians in their reasonings 
against the Newtonian philosophy.. 

A clock made by Grediam, having been carried 
'out to Jamaica in 1732, by Colin Campbell, was 
ascertained by astronomical observations at the 
Black River, in latitude 18^, (allowing for the 
influence of heat on the pendulum) to go 1' 58" 
every day slower than in London. Bradley found 
that this variation exceeded what would suit the 
figure calculated by Newton. He, therefore, 
suspected some diminution of gravity in. the equa- 
torial re^iojis. But the subsequent mvestigations 
of Maclaurin demonstrated the accuracy of the 
Newtonian conclusions. The French tnangula- 
tion be^ig resumed in 1740, an error was detect- 
ed in the measureipent of the base, and another 
not less considerable in the observation of the 
mendional arc. But the work was not termi- 
. nated till the year 1754. In the extent of above 
eight degrees, their lengths appe€u?ed regularly to 
incnaae from Ferpignan. to Dunkirk oy about 



.y^^th part, marking obviously the obiateneaiof 

the spheroid. 

Condaminej in the year 1733, urged the Acad, 
emy of Sciences to send a party to measure a de. 
gree under the equator. The academy adopted the 
project with zeal, and were lucky enough to obtain 
the concurrence and support of government. ' In 
May^ 1735, the acadeimcians, Condamine, Bou- 
guer, and Godin sailed iiom. Rochelle to Peru, 
where they were joined by Juan and Ulloa, two 
naval officers, deputed by thie King of Spain. In 
the month of July, 1736, they met at Quito, un- 
der the line. They chose a valley of the Cordil. ' 
leras, runniner about 200 miles southwards from 
that city, and enclosed on both sides by the lofti- 
est ranges of the Andes. Divided into two sets, 
they carried a series of triangles along the flainks 
and summits of those mountains, and connected 
them with the base measured below. The task 
was peculiarly arduous^ owing to the severity of 
the climate, and the. total want of accommoda- 
tion. But eight years of indefatigable industry 
enabled them to &iish the measurement assigned 
to them. 3ouguer, the most eminent of them all, 
gave a complete narrative of all their various op- 
erations in his Treatise on the Figure of the 
Earthy not published till 1749 ; and one of the 
most scientific works that has ever appeared. He 
concluded that the earth is not only an oblate 
spheroid, but so considerably flattened as to have 
its equatorial diameter to its axis as 179 to 178. 

Meanwhile Maupertuis prevailed on the French 
minister, Maurepas, to despatch another compa. 
ny, which he reluctantly consented to lead, for a 
similar purpose, to the Arctic Circle. The asso- 
ciates of Maupertuis were Monnier, Camus, Or. 
thier, and Clairaut, by far the most eminent of 
them all. They arrived in Stockholm, in June, 
1736, and were joined by Celsius, the professor -of 
astronomy at tlpsala, who had brought from 
London Graham's zenith sector and transit in- 
struments. They proceeded to the bottom of the 
Gulf of Bothnia, and selected Tomeo as their 
principal station. Their triangles extended from 
this town to Kittis, a distance of about sixty 
miles. The whole was finished in little more 
than a year ; and the length of a degree of lati- 
tude at the Arctic Cirele was found to be 57,419 
toises, or 349 toises longer than the corresponding 
measurranent at Paris. This gave the* ratio of 
178 to 179 to the polar and equatorial diameters 
— very nearly agreeing with the more extensive 
operations afterwards performed in Peru. * 

But this arctic triangulation, bearing evident 
marks of haste, became suspected of inaccuracy ; 
and at the suggestion of Melanderhielm, the Swe. 
dish academy, about the beginning of the present 
century, sent Svanberg, with proper assistants, 
to resume the operations. They not only rectified 
the former observations, but carried the measure- 
ment about forty miles farther north. It was de- 
termined that the lengfli of a degree in Lapland 
is only 57,209 toises. This, compared with Cas- 
sini's measurement in France, reduces the oblate- 
ncss to >^ th of the axis. Comparing the mea- 
surements in Lapland and Peru, we obtain Hie 
ratio of 302 to 301 for the equatorial and polar 
diameters. 

Other measurements were mftde aithe Cape o 
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Gowl Hope, in tile papal tenitoriea, in England, 
ia the Etust Indies, but as they have not served to 
diminiah, but rather to increase the anomaUea, 
we need not notice them here. The convertible 
pendulum of Captain Kater, which he waa very 
Bangpoine would Ornish an invariable standard of 
lineal measure, has been also employed as a means 
of deducing the figure of the earth. But the re. 
suits vary not leas than those obtained by trigono- 
metrical-measurement. Mr. Ivory, from a criti- 
cal examination of all the data, has concluded the 
ellipticity to be «4^* In this decision, from the 

consummate n&athematical skill of the author of 
it, we are diqraeed to coincide. 

3. ApfUcaticn of mathematics to caletUate all 
the disturhancee introduced by gravitation into 
the solar system. 

The first person who improved the Newtonian 
theory of the moon was Calandrini, professor of 
mathematics in Geneva, who superintended the 
printing of the Jesuits' copy of the Principia in 
1739 and '1742. He investigated, by a direct 
method, the principal lunar equations, and like- 
wise the smaller inequalities which Newton had 
left undemonstrated. He revised the investiga- 
tion of the motion of the apsides ; but his calcu- 
lations only gave half the quantity derived from 
observation. Dr. Matthew Stewart, professor of 
mathematics in Edinburgh, discovered the true 
motion of the line of the apsides by a simple 
geometrical procedure. And in 1749, Walmesley 
produced a correct analytical investigation of the 
motion of the lunar apogee, which he extended, 
and completed in 1758. 

Glairaut began his investigations of the lunar 
theory in 1743. At first he was satisfied with 
merely studying the Newtonian procedure, and 
converting it mto analytical expressions ; but 
he ^radtuilly pushed his investigations febher, 
and m 1747 comprised aU the subordinate motions 
of the moon under the famous general problem 
of the three bodies. But after prodigious labor, 
his solution assigned for the variation of the lunar 
apogee only half the measure established by ob- 
servation. Euler and D'Alembert arrived at a 
similar conclusion about the same time. Glairaut 
resumed the subject, and, after incredible labor, 
obtained a result which accorded perfectly with 
observation, and thus confirmed the simple law 
of gravity, as laid down by Newton. The knowl- 
ed^ of this result induced Euler to resume his 
investigations, and by quite a different procedure 
he also obtained the true variation of the lunar 
apogee. D*Alembert pushed his calculations 
still farther, and approached still nearer the result 
of observation. Thus the law of attraction was 
for ever ^tablishad on the secure basis of mathe- 
matical demonstration. 

This great point being settled, mathematicians 
set themselves with eagerness to improve the 
lunar tables, which were obviously of such im- 
portance for finding the longitude at sea. Clair, 
aut bestowed intense application on the subject, 
and produced a set of lunar tables, distinguished 
by their superior accuracy. Euler devoted to the 
same task the whole of his unrivalled analytical 
skill. But Mayer was the astronomer who dis. 
tinguished himself most in this important inves- 
tigation. He had been appointed director of the 
Omervatory of Gottingen m 1751, and labored 



with so much intensity that he shortened his days. 
He derived the elements of his lunar taUes from 
a discussion of numerous eclipses and occolta- 
tiomk He bonowed little from theray, though 
he preferred the arrangement of the dements 
adopted by Euler. He was the first person that 
employed conditional equations to find the true 
value of the co-efficients* His tables were in. 
serted in the Grottingen transactions ; and after 
the most careful oorrectionf , he sent them in 1755 
to London for the patronage of the Board of 
Longitude. At his death in 1763, .he left two 
copies, greatly improved, one of which his widow 
transmited to that scientific body. After protracted 
deliberations, the sum of <£3000 was at last 
awarded to his family, with a present of JC300 
to Euler for his excellent formulas. But another 
more.complete copy having been afterwards pre. 
seuted, the Board of Longitude bestowed an ad* 
ditional reward of X2000 at the instance of Dr. 
Maskelyne, who zealously undertook the editing 
of those tables in the year 1770. 

The next point to which mathematicians di. 
rected their attention, was the investigation of 
the disturbing influence or mutual perturbations 
of the larger and nearer planets. Euler, in 1747 
sent to the Academy of Science a most inge- 
nious memoir on the derangement of Satum^s 
motion, occasioned by the superior attraction of 
Jupiter. It was now that he discovered that 
there exist really no secular equations,*^ but that 
all deviations from the regular course are strictly 
periodical, and return always in the same order, 
though separated at vast intervals. His first in- 
vestigation was rather imperfect ; but four years 
after he produced another dissertation, which 
gained the double prize of the Academy. He 
found that, the mean motions of Jupiter and Sa- 
turn are e<^ually subject to a verv dow increase 
or diminution, which alternates, however, in the 
lapse of 15,000 years. He gained the prizes for 
1754 and 1756, by his thcorv of the inequalities 
in the earth's motion caused by the planets. He 
discovered four small anomalies to result from 
their combined attractions, though it was scarcely 
possible, for want of proper data, to assign the 
precise measures of these aberrations. He esti- 
mated the mean progression of the aphelia at 
12" annually, and the diminution of the oh. 
Uquitv of the ecliptic at 49" in a centuiy. He 
found that the eccentricities of the aphdia of 
Jupiter and Saturn are periodical, and complete 
their cycle in the space of 30,000 years. 

The same subject was discussed by Glairaut in 
1757. By comparing his formula with the ob. 
servations of Lacaille, be determined very nearly 
the masses of the principal planets, and showed 
that the greatest effect of their accumulated in. 
fluence in deranging the earth's motion can 
amount only to amut a minute. His estimate of 
the attraction of Venus has been ce&firmed by 
later and more elaborate calculation. 

In 1749 D'Alembert investigated rigoroudy 
( the effects arising from the moon's attracting the 
spheroidal prominence of the earth. By the trans, 
formation of this general expession he found the 
precession or conical motion of the tenestrial 
axis about the poles of the elciptic to be 50" an^ 
nually, and the nutation^ or alternate vibration on 
the same plane to be only 18" during the period 
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of the reyolution of the lunar nodes. Compar- 
ing this quantity with observation, he concluded, 
that at the surface of the earth the attraction of 
the sun is to that of the moon as 3 to 7 ; which 
makes the satellite to have only the 70th part of 
the mass of our planet. 

Astronomers now turned their attention to the 
motions of the comets. These bodies describe 
elliptic orbits with veiy different inclinations, 
and so extremely elongated as to resemble para, 
bolas, through a considerable part of their course. 
Being very small, they are seen for a short space 
only in the vicinity qf the sun, and become 
quite invisible when they approach the other ex- 
tremity of tiieir orbit, which is probably bejrond 
the boundaries of our planetary system. The 
periodic time of comets depending upon the trans, 
verse axis of the ellipsis can sddom be deter, 
mined with accuracy. The few observations 
which can be made while it is near the perihe. 
lium are scarcely sufficient to assign its mean 
motion, and the places of its nodes and pen. 
helium. 

Halley applied the formulas of Newton to the 
computation of twenty four remarkable comets. 
But his attention was particularly fixed on the 
imrest of them, which had been observed in 1531, 
1607, and 1682, and seemed to be the same with 
one noticed in old chronicles in 1080^ 1155, 1230, 
1305, 1381, and 1456. Hence it performed its 
revolutions in about 75^ years. He therefore 
ventured to predict its return about the end of 
1758_or beginning of 1759. The time of the 
expected return approaching excited intense curi- 
oflity in the scientific world. Clairaut applied his 
formulas to l^e investigation of the progress of 
this comet. He found that the last revolution 
would be retarded 618 days longer than the pre. 
ceding, from the attractions of Jupiter and 
Saturn. He fixed the time of its appearance to 
the 4th April. This exceeded that of observa. 
tion by twelve days only. The discrepancy was 
probably owing to the influence of Uranus which, 
was not yet discovered. The comet was first 
seen by a peasant in l^axony on Christmas 
day ; but soon became the admiration of Paris, 
and procured for Qlairaut the enthusiasm of popu. 
ilur applause. 

Clairaut, eager to complete a work in which 
he had gathered so many laurels, proceeded to 
calculate the disturbing influence of Jupiter and 
Saturn on the place of the nodes of the comet of 
1682 and 1759, Which has an inverted motion. 
Newton had shown that the perturbations in the 
planetary system always advance the perihelium 
■nd retract the nodes. But the case here was 
jttst reveraed, and the quantity of recession thence 
determined agreed most exactly with observation. 
But the comets in traversing our system often 
suffer such derangements that the most select 
observations are insufficient to determine, with 
any sort of precision, their elliptical orbits. The 
fimious comet of 1759 was calculated by Euler 




ngned it a period 

the observations have incQcated an hyperbolic 
orbit. Conti, following the method of Gauss, 
found the comet of 1811 to revolve in 3056 3 
years ; but by a second copnpjatation, he reduced 



the time to 2301 years. Bessel gave the come 
of 1807 a period of ,1953.2 years, but afterward' 
brought it down to 1483.3 years. 

Though the comets suffer such great derange, 
ment fi^m the large planets, they have no sen. 
sible effect on our sj^tem. They must therefore 
be exceedingly small. They consist of a dark . 
nucleus, invested with a cloady or hazy ex* 
crescence, and usually provided with a veiy long 
tail. They have never disturbed our tides, though 
having sometimes approached within the third 
part of the distance of the moon, they would^ 
with the same mass, exert twenty-seven timet 
greater deranging force. But their passage was 
so lapid that time was not given to produce the 
requisite effect on the ocean. 

In 1 764, Lagrange, who» at the early age of 23, 
had invented Uie calculus of variations, gained 
the prize offered by the Academy of Sciences, 
for his memoir on the lihvatUm of the moon. He 
expledned in the most satisfactory manner, from 
the theory of attraction, the cause why the moon 
always presents nearly the same face towards the 
earth. He again resumed the subject in 1780. 

The theory of Jupiter's satellites is of great 
importance for finding the longitude. In 1766, 
Lagrange embraced the sulyect in its fullest ex. 
tent, by introducing into his equations, not only 
the attractive force of the sun but the mutual 
attractions of the satellites themselves. His in. 
vestigation was a model of analytical research ; 
yet it did not descend into all the practical details* 
In 1773, Laplace having found that the varia- 
tion of eccentricity of Jupiter's orbit must cause a 
corresponding alteration in the motion of the 
satellites, transferred the same idea to the pertur. 
bations of the moon, and thus discovered the true 
theory of the secular equation, or rather of that 
vast cycle in which the lunar revolutions are al- 
ternately accelerated and retarded. During this 
discussion he demonidrated that the attractive 
force of gravity mlist oe transmitted 50 million 
tunes faster than light, which travels at the rate 
of 200,000 miles in a second. We may therefore 
consider it as quite instantaneous. This conclu- 
sion IS important, because it sets aside all mecha- 
nical attempts to explain gravitation by the inter- 
position of an ether, &c, and demonstrates it to 
be a principle ordained by the wisdom of the 
Supreme Architect. Laplace continuing his re- 
searches, at last discovered that the secular equa- 
tion of the moon affecting her'mean motion, and 
that of her perigee and her nodes, in the ratio of 4, 
12, and 3, is produced by the slow variation of 
her solar attraction, occasioned by the ch^ging 
eccentricity of the earth's orbit, resulting from the 
influence of the larger planets, though they can- 
not alter the great axis which determines the 
mean periodic revolution. 

In 1785 he proved that Jupiter and Saturn can 
have no secular equations. But remarking that 
their mean periods are commensurable, and very 
nearly as 2 to 5, he found their reciprocal accele. 
ration and retardation to follow the same ratio. — 
The cycle began in r560, and comprehends 929 
years. So that, in 1750, Saturn had his period 
shortened 48' 44"; while that of Jupiter wa» 
lengthened by 19' 28". In 1788 he discovered 
two curious laws that connect the periods of Ju- 
piter's satellites^ and gave a Qompleto th^wy of 
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their motiont, which aenred as the baniof. Delam- 
hre's excellent tables. In 1808, Lagrange gave 
a general solution of the problem m distmbing 
fiffces, and reduced his equations into a form of 
the utmost simplicity and elegance. 

4. Lunar and Miar parallaxes. The nearest 
celestial bodies are seen from the surface of the 
earth in a position somewhat diflferent than if 
viewed from the c^tre. This dijBTerence, called 
parallax, is obviously greatest at the horizon, and 
diminishes constantly as we approach the zenith. 
TV> ascertain parallaz, therefore, with toleraUe 
precision, observations must be made at distant 
stations. Lacaille selected the Cape of Good 
Hope, where he determined 'the mean paraHaz of 
the moon to be 57' 39". The parallax of the sun 
being very small, is more difficult to determine. 
Kmler had made it a minute, Halley estimated it 
at 25" ; but succeeding astronomers had reduced 
it to 10" Halley proposed a very ingenious me. 
thod of determining it with accuracy from the 
next transition of Venus, by measuring the acce. 
leration of the time of her passage over the disc of 
the sun, as viewed from remote points on the sur. 
face of the globe. Aware that his own life would 
not be prolonged till that event took place, he 
warmly exhorted his successors to prepare them- 
selves for observing it on the 5th of June, 1761. 
Astronomers were accordingly dematched by the 
maritime powers of Europe to all the stations that 
were considered as most accessible and eligible; 
but the result did not answer their expectations ; 
some of the stations were not well chosen, some 
of the most expert astronomers had not reached 
the station assigned them, while others werel pre. 
vented from observing by the state of the weather. 
Fingr6 deducted a parallax of 10^", while Short 
made it only 8^". The uncertainty was finally 
removed by the numerous and skilful observations 
of the transit of the 3d of June, 1769. The 
several results differed scarcely a quarter of a 
second, and their concurrence fixed the parallax 
8".6. This agrees with the theoretic calculations 
of Laplace, from the lunar anomalies. Bessel) 
with mmiense labor, combined and recomputed 
the original observations, and detected a small in. 
accuracy, the correcting of which reduces the 
parallax to 8''.575. Consequently the mean dis. 
tance of the sun is 95,158 English miles. 

5. Discovery of Uramu» Dr. Herschetl, who 
has devoted hmiself to the construction of teles, 
copes, and to an indefatigable observation of the 
heavens, announced to Dr. Maskelyne, that, on 
the ni^ht of the 13th of March, 1781, he observed 
a shifting star, which fix>m its smallness he judged 
to be a comet, though it was distinguished neither 
by a nebulosity nor by a tail. The motion of the 
stor was so slow as to require distant observations 
to ascertain its path. It was for several months 
presumed to be a comet ; but the hypothesis of a 
parabolic orbit led to very discordant results. Ilie 
president Saron was the first who conceived it to 
be a planet, having inferred from the observations 
communicated to him that it described a circle 
with a radius about twelve times the mean dis. 
tance of the earth from the sim. Lexell, before 
the end of the year, had computed the elements 
of the new planet with considerable accuracy, 
making the great axis of its orbit nineteen times 
greater than that of the earth, and the period of 



its revolution eighty.four years. Bradley, mis. 
taking it fo ra fixed star, had observed it on the 
3d of December, 1753, and it was again seen by 
Mayer on the 23d of September, 1756. 

Herschell ffave this new planet the name of the 
Georgium sious; but the term Uranus, apfdiedto 
it by Bode, is almost aniversally adopted. Her- 
schell discovered the satellites of this planet, 
which are six in number. They revolve in a plane 
neariy perpendicular to the orbit of thfe planet, and 
contrary to the order of the siflns. Both these 
primary and secondary bodies obey, in thdr revo. 
Intions, the laws of Kepler. Tlie same remark 
applies to the satellites of Saturn, whidi Herschell 
increased to seven. 

6. Diaewery of fournew pUmetB, Kepler was 
of opinion that the harmony of our system wanted 
a planet between Mars and Jupiter. A nmilar 
notion was entertained by Lambert, who thought 
it likely that such a planet might exist, tiiough it 
was dark and invisible. The distances of the 
planets fimm the sun may be denoted by the stries 
4, 7, 10, 16, 28, 52, 100 ; whichnumbers ate ccm. 
vertible into English miles by multiplying by 9^ 
millicms. The dark or deficient planet CMies. * 
ponds to twenty.eigfat, or a distance of 266 mil. 
lions of miles from the sun. 

In the place assigned to this dark planet, four 
very small bodies have been discov««d ; which 
some persons have conjectured to be only fi^iff. 
ments dissevered fixim the principal, and that oUier- 
similar finagments may stiU remain undiscovered. 
The discovery of these very small planets distin. 
Squished the commencement of the present cea- 
tury. Fiozzi discovered Ceres at Palermo, on the 
let of January, 1801 ; Olbera discovered Pallas 
at Bremen, on the 28th of March, 1802 ; and 
Harding observed Juno on the 2d of September, 
1804, and Vesta on the 29th of March, 1807.— 
These small bodies differ frmn the other planets, 
not oidy b^ their diminutive size, but by the re- 
markaue mdination of their orbits to the plain of 
the ecliptic ; which, however, they intersect nearly 
in the same nodes. 

7. Extent of the Universe. Herschell, by 
means of his excellent reflectmg telesc<^ie, em. 
ployed himself assiduously in obs^vinff the numer. 
ouB clusters of nebulosities, and^ustinguisfaed 
many of the changing and double stars ; which, 
though suns of other systems, yet appear connected, 
and may, probably, circulate about their conmion 
centre of gravity* The suliject has lately been 
carried a great deal further by Sir James fSouth 
and Sir John Herschell, Uie latter of whom is pre. 
paring to go to the Cape of Good Hope, to exam, 
me the double srars of the southern h^nisphere. 
Sir William Herschd nwmim^irpgr that the in- 
strument which he had used could enable bim to 
penetrate 407 times fiurther than Sirius, hereekan- 
ed 116,000 stars to pass in a quarter of an hour 
over the field of view, which subtmded an angle 
of only 15'. If wc compute frx>m such a narrow 
zone, the whtple celestial vault must display, within 
the range ef telescopic vision, the stupendous 
number of more than five billions of stars. If each 
of those be a sun to a system similar to ours, and 
if the same number of planets revolve around it. 
then the whole planets in the universe will be 
more than fifty.five billions, not reckoning the 
satellites, whiea m»y be much moce munerous 
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What an unimportant portion of the universe is 
occupied by our earth, and how insignificant must 
its inhabitants, and all their cares, and pride, and 
vanity, appear to that Almighty being whose 
proviaence regulates and governs at once such a 
prodiffioue number of worlds, with all their innu- 
merable inhabitants. 



OPTICS. 



The history of astronomy, the most perfect and 
sublimest of all the sciences, has unavoidably ex- 
tended itself to a considerable length. Optics is 
the next science in point of perfection. like 
astronomy, it depends on observation, but is every 
where capable of the rigid application of mathe- 
matical calculation. 

As light propagates itself in straight lines, it 
seems to offer itself spontaneously to the consid- 
eration of geometers. Euclid accordingly began 
the investigation at least fifty years before Archi- 
medes had placed mechanics amon^ the number 
of the mathematical sciences. Euchd only estab. 
Ushed two particulars : 1. That a point in any 
object is seen in the direction of a straight line 
from the eye to that object. 2.' That when a point 
in an object is seen by reflection fix>m.a polished 
surface, the lines drawn from the eye and from the 
object to the point whence the reflection is made, 
are equally inclined te^ the reflecting sur&ice. — 
From a treatise on optics by Ptolemy* discovered 
■ome years ago in the kingy Fnin<4'B Ubraiy, it 
appears that many observations had been made on 
refraction, though the law followed had not been 
discovered. 

About 1000 years after Ptolemy, or in the 11th 
century, Alhazen wrote his treatise on optics. In 
it he solved a problem of very great difficulty, to 
find the point in a spherical speculum, at which a 
ray coming from one given point shall be reflected 
to another given point. AUiazen was acquainted 
^ith the anatomy of the eye, though he did not 
fully understand the uses of the different parts. — 
On seeing single with two eyes, he made tiie very 
important remark, that when corresponding parts 
of the retina are affected we perceive but' one 
image. Roger Bacon, who lived in the 13th 
century, made a near approach to the knowledge 
of lenses, anfl their use in assisting vision. The 
date of the discovery of spectacles, for assisting 
the sight, may be carried back as far as 1313, but 
no farther. The inventor appears to have been a 
Florentine, called Salvino del* Artnato. He was 
of a Patrician family. Maria Manni quotes the 
following inscription on his tomb, from on anti- 
quarian author : Qui diaee (giace) Salvino d* 
Armato degV Aumati, Firenze invento de egV 
Occhialij anno mcccxvii. ^ 

Two centuries later Maurolicus appeared. He 
was acquainted with the crystalline lens of the 
eye, and formed a correct judgement of the de- 
fects of shortsighted and long-sighted eyes. — 
Babtisto Porta, a Neapolitan, invented the camera 
obscura about the year 1560. The light was ad. 
mitted through a small hole in the window shut, 
ter of a dark room, and gave an inverted picture 
of the objects from which it proceeded on the op- 
posite wall. A lens was not employed in the 
fint construction of this apparatus^ but afterwards 



used ; and Porta went so far as to consider how 
the efBdct might be produced without inversian. 

Kepler was the first person who explained tbs 
mechanical action of the eye in vision. He per. 
ceived the exact resemblance of this organ to the 
camera obscura, the rays entering the pupil beii^ 
collected by the ci^talline lens and the other 
humors of the eye mto foci which paint on the 
retina the inverted images of external objects. 
The mind perceives these images and refers them 
at the same time to things without. 

Antonio h. Dominis, Archbishop of Spalato, was 
the first person who explained the production of 
the rainbow. Having placed a bottle of water 
opposite to the son, and a little above his eye, he 
saw a beam of light issue from the underside of 
the bottle, which acquired different cclon in the 
same order and with the same brilliancy as the 
rainbow, when the bottle was a little raised or 
depressed. From comparing all the circum- 
stances, he perceived that the rays had enteied 
the bottle, and that after two refractions from the 
convex part, and a reflection from the concave, 
they returned to the eye tinged with different go. 
lors, according to the an^le at w|pch the ray had 
entered. The book contaming this discovery was 
published in 1611. 

The telescope was invented about this time, bat 
somewhat earlier. The honor of the discovery 
belongs to Middlebur^, in Zealand. Two diffiar. 
ent workmen, Zachanah Jans and John Lapprey 
have eacl;^ testimonies in their favor, between 
which it is difficult to decide. The former eoes 
back to 1590, the latter comes down to 1610. 
Zachariah Jans was an optician in M iddleburg, 
and Boreel has published a letter from his son 
assigning 1590 as the date of the invention, and 
another from his sister assigning 1610 as .the date. 
From the account of Boreel it would appear that 
Jans was the real inventor, and that the discovery 
of the telescope had been preceded by that of the 
microscope. News of this discovery was com. 
municated to Galileo in 1610. He immediately 
constructed a telescope, turned it to the heavens, 
and made the interesting discoveries which have 
been already particularized. 

The theory of the telescope required that the 
law of refraction should be discovered. This 
discovery was the work of Snellius, a mathema. 
tician of the Low Countries. To^a^ress this law 
he supposed a perpendicular to the refracting sur. 
face, at the point where the refraction is made, 
and also another line parallel to this perpendicular 
at any^given distance from it. The refracted rays 
as it proceeds, will meet this parallel, and the in. 
cident ray is supposed to be produced till it do so 
likewise. Now, the general truth which Snel- 
lius found to hold, whatever was the position of 
the incident ray, is, that the segments of the re- 
fracted ray and of the incident ray, intercepted 
by these parallels, had always the same ratio to 
each other. 

In the triangle formed by the two segments of 
the rays, and by the parailei which they inter, 
sect, tne said segments-have the same rat«> with 
the sines of the oppocdte angles ; that is with the 
lines of the angles of incidence and refraction. • 
The law, therefore, comes to this, that in the re. 
fraction of light by the same mediums, the one 
of the angle of incidence has to the eu)e of tlie 
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angle of refraction piways tha aame ratio. It was 
first stated in this way by Descartes in his Diop- 
trict, in 1637. But snellius's law, which conies 
to the same thing, had been publicly taught in 
his lectures by professor Hortensius, and must 
therefore have be«n known to Descartes. 

Descartes next entered lupon an inquiry, in 
which he was successful. In ordinary cases of 
refraction, by spherical and other surfaces, the 
nys are not collected into one point, but have 
their foci spread over a certain surface, the sec 
tions of which are the curves called caustic 
curves. The focus of opticians is only a point in 
this surface, where the rays are more condensed, 
and of course the illumination more intense than 
in other parts of it. But if refraction is to be em. 
pbyed either to produce heat or light, it would be 
a great advantage to have all the rays which come 
from the same point of an object united accu- 
lately after refraction, in the same point of the 
image. This led Descartes to inquire into the 
figure which the superficies separating two trans. 
' parent media of different refracting powers must 
have, that all the rays diverging from a given 
poin^ mig^t bj^refraction at Sie said supe^cies 
be made to converge to another given point. He 
showed that curves proper for generating such 
superficies by revolution have always two given 
pomts from which, if straight lines be drawn to 
any point in the curve, the one of these, {dus or 
minus, that which has a given ratio to the other, 
is equal to a given line. When the ^iven ratio 
is one of equahty, the curve is a come section, 
and the two points its foci. The curves in gen. 
eral are of the 4th or 2d order, and have been dis- 
tinguished by the name of the ovals of Descartes. 

But no practical advantage has resulted from 
this -investigation. The mechanical difficulties 
of working a surface into any figure but a spheri. 
cal one, are so great that they have never been 
overcome. 

The next improver of optics was James Gre. 
gory, whose Optica Promota appeared in 1663. 
It contained an account of his reflecting tele, 
scope. The imperfection of the images fosmed 
by spherical lenses led him to substitute reflection 
for refraction in the construction of the telescope. 
Gregory thought it necessary that the specula 
shomd nave a parabolic figure ; and the execution 
proved BO difficult, that the instrument, during 
his lifetime, was never brought to any perfection. 
After his death, the specula were constructed of 
the ordinaiy spherical form, and the Gregorian 
telescope, till the time of Herschell, was more in 
use than the Newtonian. It is curious, that 
though the optics of Descartes had been pub. 
lished twenty.five years, Gregory was ignorant of 
the law of refraction, and found it out by his own 
unassisted exertions. ' 

Barrow's lectures on optics, delivered at Cam. 
bridge in 1668, treated of all the more difficult 
quera^ons which had occurred in the then state of 
the science, with the acuteness and depth which 
are found in all his writings. 

About this time the Jesuit Grimaldi made 
known some optical phenomena, which had hither. 
to escaped detection. Having stretched a hair 
across a sun-beam, admitted through a hole in 
the window shutter of a dark chamber, he was 
Borprised to find the shadow much Iso-ger than the 



natural divergence of the rajrscoulii have led him 
to expect. Other facts of the same kind made 
known the ^peneral law of the diffraction or in- 
fiexion of hght, and showed that the rays aie 
acted on by bodies, and turned out of their rec 
tilinear course, even when not in c<xitact, but at a 
measurable distance from the suifiices or edges 
of such bodies. Grimaldi gave an account of 
these facts in a treatise printed at Bologna in 1665. 

The dioptrics of Hijn^gens, though a posthu. 
mous work, was the production of his early youth, 
and is said to have been a favorite book with 
Newton himself. It contains a frill development 
of every thing relating to the construction of tde. 
scopes, particulaily in that which concerns the 
indistinctness arising from the imperfect foci into 
•which rays are unitra by spherical lenses. Rules 
are deduced for constructing telescopes, which, 
though of difl^rent sizes, shall have the same de. 
gree of distinctness, Slc. Huygens was a practi- 
cal optician ; he constructed tdesoopes with his 
own hands, and some of his object glasses were of 
the enormous focal distance of 130 feet. 

His theory of light was communicated to the 
Academy of Sciences of Paris in 1678, and after, 
wards published with enlai^;ements in 1690^ — 
Light, according to him, consists of certain un. 
dulations, communicated by luminous bodied to 
I the etherial fluid which fills all space. This fluid 
i is composed of the most subtile matter, is highly 
elastic, and the undulations are propagated through 
it with great vdocity in spherical si:q>erficie8, pro. 
ceeding from a centre. The ingenuity of the 
theory appears most conspicuous in the explana. 
tion which it affi)rds of the constant ratio which 
subsists between the sines of the angles of inci. 
dence and refraction in the same m^um. - But 
the happiest application of all, is to the exfrfana- 
tion of the double refi«ction of Iceland crystal, or 
transparent calcareous spar. This crystal has 
not only the property of refracting light in the 
common manner of glass, water, and oUier trans, 
parent bodies ; but it has also another power of 
refiraction, by which even the rays frilingper. 
pendicularly on the surfrice of the crystal are 
turned out of their course, so that a double image 
is formed of all objects seen through these crys- 
tals. This property is not confined to calcareous 
spar ; but belongs, in a greater or less degree, to 
all substances which are both crystalized and 
transparent. ^ 

The common refraction is explained by Huy. 
gens, on the supposition that the undulations m 
Uie luminous fluid are propagated in the form of 
spherical waves. The double refraction is ex. 
plained on the supposition that tlie undulations of 
light, in passing through the calcareous spar, as- 
sume a spheroidal form ; and this hypothesis, 
though it does apply with the same simplicity as 
the former, yet admits of such precision, that a 
proportion of the axes of the q>heroids may be as- 
sigrned, which will account for the precise quan. 
tity of the extraordinary refraction, and for all 
the phenomena dependent on it, which Huygens 
had studied with j?reat care, and had reduced to 
a small number of general facts. 

To render the theory of Huygens quite satis, 
factory, a reason ought to be assigned why the 
undulations of the luminous fluid are^ spheroidal 
in the case of crystals, and spherical in all other 
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cases. This would render the generalization 
complete. But till a connection is clearly estab. 
lished between the structureof crystallized bodies, 
and the property of double refraction, the theory 
must remain imperfect. 

- We now come to the discoveries of Newton, 
which constitute nearly as important an era in 
optical sciences as his theory of universal gravi- 
tation did in astronomy. His researches began 
in 1666, when he was only twenty-three years of 
age. 

In hopes of improving the telescope, by giving 
to the glasses a figure different from the spheri. 
cal, he had procured a glass^ prism, in order, as he 
tells us, to try with it the celebrated phenomena of 
colors. These trials led to the.|^covery of the 
different-refrangibility of the rays of light, now 
too well known to require to be particularized. 

Having admitted a ray of light into a dark 
chamber through a hole in the window-shutter, 
and made it fall on a glass prism, so placed as to 
cast it on the opposite wall, he was delighted to 
observe the brilliant coloring of the sun's image, 
and not less surprised to observe its figure, which, 
instead of being circuj§r, was oblong m the dircKj. 
tion perpendicular to the edges of the prism, so as 
to have the shape of a parallelogram, rounded at 
the two ends, and nearly five times as long as it 
was broad. 

When he reflected on these appearances, he 
saw nothing that could explain^ the elongation of 
the image, but the supposition, that some of the 
rays of Ught, in passing through the prism, were 
more refracted than others; so that the rays 
which were parallel before they fell on the prism, 
being some of them more refracted than others, 
diverged from one another after refractipn, the 
rays that differed in refrangibility differing also 
in color. The spectrum \^ould thus consist of 
a series of circular images, partly covering one 
another, and partly projecting one beyond the 
other, from the red, ox least refrangible ray, in suc- 
cession to the orange, yellow, blue, indigo, and 
violet, the most refrangible of all. 

But he did not adopt this as the true explana- 
tion* till he had tried every other hypothesis by 
the test of experiment, and proved its fallacy. 
Even after these rejections, his explanation had 
still to .abide the sentence of an experimentum 
cruets. 

Having admitted the Ught, and applied the 
prism as before, he received the colored spectrum 
on a board abput twelve. feet distant from the 
]>rism, and pierced with a small hole. The colored 
ught, which passed through this second hole, was 
mi|do to fall on a prism, and afterwards received 
on the opposite wall. It was then found, that the 
rays which had been most refracted by the first 
pnsm were also most refracted by the seccoid, 
though no new colors were produced. It was 
also observed, that when the rays which fell on 
the second prism were all of the same color, the 
image formed by refraction was truly circular, 
and of the same color wiUi the incident light. 

When the Sun's light is thus admitted, first 
through one aperture, and then through another 
at some distance from the first, and is afterwards 
mfide to &11 on a prism, as the rays come only 
from a part of the sun's disc, the spectrum has 
nearly the same length as before ; but the breadth 



is greatly diminished ; in consequence of which, 
the li^t at each point is purer, it is free from 
penumbra, and the confines of the different colors 
can be ^ more accurately traced. It was in this 
way that Newton measured the extent of each 
color ; and taking the mean of a great number 
of measurements, he assigned the following pro- 
portions^ dividing the whole length of the spec- 
trum, exclusive of the rounded terminations, into 
360 parts. Of these the 

Red occupied 45 

Orange 27 

YeUow .": 48 

Green 60 

Blue ; 60 

Indigo 40 

Violet : 80 

Newton conceived that there was an identity 
between these numbers and the divisions of the 
monochord, by the notes of music. But it has 
been since observed, that the spaces occupied by 
these colors differ according to the kind of prion 
emj^oyed. Hence the relation was merely acci- 
dental. 

Thus colors were found to be original proper- 
ties pf Ught, connected with the different degrees 
of refrangibility belonging to the different rays. 
Each of these colors, though primary, may be 
produced by a mixture of the two colors upon 
either side of it in the prism. Red and yellow 
make orange ; yellow and blue make green ; and 
so on. In general, two colors not very far distant 
in the natural series, when mixed, make up the 
intermediate color. All of them together con- 
stitute whiteness. Natural bodies of whatever 
color, if viewed by simple and homogeneous light, 
are seen of the color of that Ught, and no other. 

Thus suppUed with so many new and accurate 
notions reefpecting colors, it was natural for New- 
ton to supply them to explain the rainbow. — 
Every thing respecting that beautiful phenome. 
non had been already explained, except the colors. 
As these colors were liie same as in the solar 
spectrum exhibited by the prism, and in the same 
order, it could hardly be doubted that they were 
owing to the same cause. He showed this to be 
the case, by calculating the extent of the 'arch, 
the breadth of the colored .bow, the position of the 
secondary bow, its distance from th^rimary, and 
by explaming the inversion of the colors. 

As aU color comes from the rays of light, we 
must conclude that the color of every particular 
body is owing to its reflecting the particular kind 
of ray of wliich it exhibits the color. If you cast 
upon a colored body a homogeneous ray of Ught, 
it appears much -more vivid; that is, it reflects 
much more Ught when the ray cast upon it is of 
its own color. Transparent bodies sometimes re- 
flect one kind of ray, and transmit another. 

But here a difficulty occurs. Suppose a body 
to reflect r^ or green Ught, what is it that decom- 
poses the light, and sq>arates the red or the green 
from the rest? It was this difficulty that led 
Newton to Study the colors produced by Ught 
passing through thin plates of any transparent 
substance. When two transparent bodies, such 
as pieces of glass having their surfaces somewhat 
convex, are pressed together, a Uack spot is 
formed at the contact of the two, which is sur- 
rounded with colored rings, more or less regular, 
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according to the Ibnn of the surfaces. To ana- 
lyse this phenomeivon, Newton made experiments 
with surfaces of a regular curvature, capaUe of 
being measured. He took two object glasses, one 
a idane convex for a fourteen feet telescope, the 
otner a double convex for one of about fifty feet, 
and upon this last he laid the other, with its plane 
side undermost, pressing them gently togeth^. 
At their contact, in the centre was a pellucid 
spot, through which the light passed without suf- 
fering any reflection. Round this spot "was a co- 
lored ring, exhibiting blue, white, ydlow, and red. 
This was succeeded by a pellucid or dark ring ; 
then a cc^red ring of violet, blue, green, yellow, 
and red, all copious and vivid, except the green. 
The third colored ring consisted of purple, blue, 
green, ydlow, and red. The fourth consisted of 
green and red ; those that succeeded became 
gradually more dilute, and ended in whiteness. 
It was possible to count as far as seven. 

The colors of these rings were so mari:ed by 
peeuliarities in shade and vivacity, that Newton 
considered them as belongring to different orders ; 
so that an eve accustom^ to examine them, on 
any particular color of a natural object being 
pomted out, woiild be able to detomine to which 
order in this series it belonged. 

Thus we have a system of rings or zones sur- 
rounding a dark central spot, and themselves 
alternately dark and colored ; that is, alternately 
transmitting the li^ht, and reflecting it. It is 
evident, that the thickness of the plates of air in- 
teiposed between the glasses, at each of those 
rings, must be a matenal element in the arrange- 
ment of this system. Newton, therefore, under. 
took to compute their thickness. Having care- 
fully measured the diameters of the first six co- 
lored rin^s, at the most lucid part of each, he 
found their squares to be as the progression of 
the odd numbers, 1, 3, 5, 7, &c. The squares of 
the distances, from the centre of the dark spot to 
each of these circumferences, were therefore in 
the same ratio ; and, conse<^uently, the thickness 
of the plates of air, or the mtervals between the 
glasses, were as the numbers 1, 3, 5, 7, &c. 
When the diameters of the dark or pellucid rings, 
which separated the colored rings, were measured, 
their squares were found to be as the even num. 
bers 0, 2, 4, 6 ; and, therefore, the thickness of 
the plates, through which the light was wholly 
transmitted, were as these numboii. 

The curvature of the convex glass being the 
thickness of the i>lates of air which corresponded 
to the different rings, was computed. An inch 
being divided into 178,000 parts, the thickness of 
the air for the first series, or for the luminous 

rings, was i7gi>o<> 17I060 lilooO* ^-Cfinch. 

For the second series lyg^oo TThpH'S* ^» 
mch. 

When the rings were examined, by looking 
through the lenses in the opposite direction the 
central spot appeared white, and in other rings 
red ^ was opposite to blue, yellow to violet and 
green to a compound of red and violet — ^the 
cokffB formed by the transmitted and reflected 
light being what are now called complimentary, 
or neatly so, of one another ; that is, such as when 
mixed produce white. 

When the fluid between the glasses was difl^- 



ent fiom air, as when it was water, the succesakm 
of rings was the same ; the only difference was, 
that the rings themselves were narrower. 

When experiments were made on thin plates 
in such a way that the plate was denser thui the 
surrounding medium, as in the case of soap bub- 
bles, the same i^enomena were observed to take 
place. 

To the different degrees of density, then, in 
transparent bodies, then seemed to be attadied 
the powers of separating particular colors 60m 
the mass of lig^t, and of rendering them visible, 
sometimes by reflection, and in other cases by 
transmission. Now, as there is reason to think 
that the atoms of bodies are transparent, they may 
be conceived to aat on light after the manner of 
thin plates, and to produce, each according to its 
thickness and density, its apprc^ate color, which 
therefore becomes the color of the surfiace. 

But these experiments led to other conclusiiNis, 
new and unexpected. It was impossible to ob- 
serve, without wonder, the rings alternately lumi- 
nous and dark, that were formed between the 
two plates of glass in the preceding experiments, 
and deteimin^ to be what they were by the dif. 
ferent thickness of -air between the plates, and 
having to that thickness the relation already 
speciTOd. A plate, of which the thickness was 
equal to a certain quantity multiplied by an odd 
number, gave always a circle of the one kind ; 
but wh^ the thickness was the same quantity 
multiplied by an even nnmber, the circle was of 
another kind ; the light, in the first case, being 
reflected ; in the second, transmitted. 

Light penetrating a thin transparent plate, of 
which the thickness was m, 3m, 5m, &e, waa de. 
composed and reflected; the same light penetra- 
ting the same plate, but of the thickness 0, 2 m, 
4 m, &c, was transmitted, though in a certain 
degree aJso decomposed. The same light, there- 
fore, was transmitted^ or reflected, according as 
the second surface of the plate of air, throc^ 
which it passed, was distant fix>m the first, by ti^e 
intervals 0, 2 m, 4 m, or m, 3 m, 5 m ; so that it 
became necessary to suppose the same ragr to be 
successively diqwsed to be transmitted, and to be 
reflected at points of space separated from one 
another by the same interval m. This constitutes 
what Newton called Fit$ of easy- iransmisaion 
and ea9y reflection. It constitutes one of the 
most snngular parts of his optical discoveries. It 
is a necessary inference from the phenomena ; and 
though the cause cannot be assigned, it must, 
notwithstanding, be admitted as a general fact, 
which enables us to explain various phenomena 
that were unknown at the time when Newton 
lived. 

Newton's explanation of refraction proceeds on 
the theoiy that light is an emanation of particles 
moving m straight lines with incredible velocity, 
and attracted by the particles, of transparent 
bodies. When, therefore, light falls oMiqudy on 
thesurfece of such a body, its motion may be re- 
solved into two ; one parallel to that surface, and 
the other perpendicular to it. Of these the first* 
is not aflected by the attraction of the body, 
which is perpendicular to its own surface ; and, 
therefore, it remains the same in the refracted as 
it was in the incident ray. But the vekicity per- 
pendicular to the surface is increased by the at- 
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tfaetbn of the body ; and whaterer be the quan- 
tit J of that velocityy its square, on entenng the 
same transparent body, will always be augmented 
by the same quantity. But it is easy to demon- 
strate, that if there be two right angled triangles, 
with a side in the one equal to a side in the oSier, 
the hypothenuse of the first being e^yen, and the 
squares of thar remaining sides difiennff by a 
2veu .pace.the«ne.of^the angle.opp5.it/to 
the equal sides must have a given ratio to each 
other. This amounts to the same thing with say- 
ing, that, in the case before uS} the sine of the 
angle of incidence is to the sine of the angle of 
refraction in a given ratio. This explanation of 
the law of refraction is so satisfactory, that it 
affi^rds a strong argument in favor of the system 
which conadera light as an emai^ation of particles 
from luminous bc^es. ^ 

Huygens, indeed, deduced from the hypothesis 
of the vibrations of an elastic fluid, an ezplana. 
tion of refraction which is highly ingenious, but 
not quite so satisfactory as the Newtonian ; though 
it be the fashion. at present to give a preference to 
the hypothesis'of Huygens, we think that very 
solid objections might be started against it, were 
this the proper place for such an attempt. 

The square that is added to that of the perpen- 
dicular velocity of light, in consequence of the 
attractive force of the transparent substance, is 
properly the measure of the quantity of that at- 
traction, and is the same with the differences of 
the squares of the velocity of the incident and the 
refracted light. This is readily deduced from the 
ratio of the angle of incidence to that of refrac- 
tion. When tins is done for different substances, 
it is found that the above measure of the refract- 
ing power of different bodies is nearly proportional 
to th^ densities, with the exception of those 
which contain much combustible matter, which 
is always accompanied by an increase of refract- 
ing power. 

Thus the refracting power, (ascertained in the 
way just mentioned) when divided by the density, 
gives quotients not very different from one ano- 
ther, till we come to combustible bodies, when a 
great increase immediately takes place. In air, 
for instance, the quotient is 5208, m rock crystal 
5450, in common glass nearly the same; but in 
spirit of wine, oil and amber, the same quotients 
are 10121, 12607, 13654. In diamond he found 
the quotient 14556. Hence he conjectured that 
the diamond was, at least in part, a combustible 
body. The refracting power of water being great 
for its density, its quotient being 7845, he con- 
cluded that an ififlammable substance enters into 
its composition— 4k conjecture which was verified 
nearly a century afterwards by the synthetical ex- 
periments of Mr. Cavendish. 

The reflection of light from the surfaces of 
opaque bodies, and from the anterior surfaces of 
transparent bodies, appears to be produced by a 
repulsive force exerted by those surfaces, at a de- 
terminate but very small distance ; in consequence 
of which, there is stretched out over them an 
elastic web, through which the particles of light, 
notwithstanding &eir incredible velocity, are not 
always able to penetrate. In the case of a trans- 
parent body, the light which, when it arrives at 
this outwork is in a ^/ of easy reflection, is re- 
flected back again. The parUcies on the other 



hand, which are in a state that disposes them to 
be transmitted, oveorcome the repulsive force, and 
entering the transpalrent body, are attracted and 
refiracted as already explained. If these rays 
reach the second surface of the transparent body 
with a certain obliquity, the attraction will not 
suf^ the rays to emerge into Ihe rarer medium, 
but will force them to return back into the trans- 
parent body. Thus the reflection of light, at the 
second suiieice of a transparent body, is produced 
not by the r^ulsion of the medium into which it 
is about to enter, but by the attraction of 'that 
which it was going to leave. 

In consequence of these discoveries, IfewUm 
perceived a defect in the refracting telescope, pro- 
ceeding from the unequal refr«ngifaility of the 
different rays. This defect he was of opinionit 
was - impossible to simedy, because he thought 
that the quantity of the reflection and of the &. 
persion in different substances bore always the 
same ratio to each other. Had this been so, th» 
appearance of prismatic colors in a refracting tel- 
escope could never have be^ cured without des- 
tro3nng the refraction altogether. But this was 
one of the few points about which Newton was 
mistaken. The mistake was afterwards discov- 
ered by DoUond, who found that, by means at 
crown and flint glass, the dispersion mi^ht be 
counteracted without injuring the refraction.-^ 
This great discovery enabled him prodigiously to 
improve the refracting telescope ; and they axe 
now reckoned so much preferable, that they aie 
superseding the reflecting telescope altogether. 

Newton turned his attention also to me inflect 
tion of light. He found that the ray, in passing 
the knife edge, had been both attracted and le- 
pelled, and that it had bete acted on at the di«. 
tence -s^th of an inch from the edge of the 

kmfe. The path of the ray, in passing the knife 
edge, was bent in o{^posite directions, so as to form 
a serpentine line, convex and concave, towards 
the knife, according to the repulsive or attractive 
forces which acted at different distances. In his 
opinion, the refraction, reflection, and inflexion of 
light are all produced by the same force differently 
modified, and do not arise from the collision of 
light with the particles of bodies. 

The great improver of achromatic telescopes, 
after DoUond, was Feaunhofer. He observed, in 
examining the different-colored rays of tiie spec- 
trum, by means of a telescope, that though the 
colored spaces appear not parted by any distinct 
boundaries, yet they are broken and subdivided 
by numerous white and black lines. He reckoned 
altogether above 600 lines : a few occur in the 
red ; but they are numerous in the orange, yellow, 
green, and blue. A stripe, opened by a fine white 
line, divides the red ; otiber stripes emerge at in- 
tervals between the orange and the blue, and two 
very broad approximating bars cross tl^e violet.>— 
Other glass prisms, and even those filled with 
liquids, gave similar appearances. It would ap- 
pear from this that refraction proceeds by irregular 
bounds, somewhat like Newton's easy fits of trans- 
mission and reflection. 

We shall finish this hasty sketch of optics, 
with noticing the discoveiy of what is called 
polarized rays of light, by Mains, a French offi- 
cer of engineers. The double refracting property 
of Iceland spar, which had been so csjeflilly ex. 
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unined by Huygfens, drew also the attention of 
Newton, who concluded that the ray which Bof. 
ten the unutual or extraordinary refraction must 
have its opposite sides afiected by some virtue 
like mapietisnt, which gives them a tendency to 
polarity. This remark lay neglected for almost 
a century. Malus had early turned his attention 
to the more difficult problems in optics ; and, aiter 
his return from foreign service, he resumed his 
iavorite studies. In one of his frequent visits to 
the obeervatonr* during his residence in Paris in 
^e summer of 1809, he was struck with the bril- 
liant reflection of the setting sun, from one of the 
windows of the Luxembourg palace. On looking 
at the appearance through a prism of rock crystal, 
which he slowly turned round, he remarked, with 
■apriae, that one of the images changed re^arly 
to brightness from obscurity. Next monung he 
iqieated his observation with the same results ; 
and soon found that light, reflected at a certain 
angle from the surfrice of glass, acquires the same 
character as the extraordinary ray in the double 
refracting prism. Water showed a similar dis- 
position, but at a diflerent angle of incidence. — 
The law was traced through various reflecting 
aurfiices, and Malus was prosecuting the subject 
with rapid success, when his career was cut short 
-by a linrering disease, on the 23d of Februaiy, 
lol2. The subject of polarization has been sue- 
ceasfully prosecuted in this country by Herschell 
and Brewster; and on the continent by Biot, 
Aiago, and Fremel ; but much still remains before 
it reaches the simplicity which characterizes the 
other branches of optics. 



HTDROSTATICS, &C. 

The law which determines the weight of bodies 
immersed in fluids had been discovered by Archi. 
modes, and likewise the position of bodies floating 
on them. It was ascertained by Stevinus, that 
the pressure of fluids is proportional to their depth. 
ThcBe two propositions constitute the leading prin- 
ciples of hydrostatics. 

Hydraulics, or the motion of fluids, is a much 
more difficult subject. The first step was made 
by Torricelli, who proved that water issues from 
a hole in the side or bottom of a vessel with the 
velocity which a body would acquire by falling 
from the level of the surface to the level of the 
orifice. This proposition, which constitutes the 
leading principle of hydraulics, was published at 
the end of Torricelli'e De Motu graviutn et pro- 
jeetorum. 

We owe to Torricelli another discovery no less 
important. The question had been put to Galileo, 
why water will nse in a pump to the bight of 
thirty.thiee feet, but no farther. This question 
he was unable to answer — ^though it could not but 
be obvious from it that the reason assigned by the 
ancients for the rise of water in a pump, namely, 
Nature's abhorrsnce of a vacuum, could not be the 
true one. Torricelli, reflecting on the subject, 
conceived that, if a heavier fluid than water were 
used, a vacuum might be produced in a much 
itiorter tube. He filled a elass tube three feet 
{Cliff, open at one end, ana shut at the other 
with mercury, and covering the open end with 
his finger, immersed it in a basin of mercury. 



Tlie result is univerBalOy known. He found the 
mercury suspended in the tube to the hi^t of 
about thirty inches ; an effect which he ascribed 
to the pressure of ihe atmosphere. It was eaay 
to see that the rise of water in pumps was owing 
to the same cause. 

The objections made to this explanation were 
removed by carrying a barometer to the top of' 
the Puy de Dome, at the suggestion of Pascal. 
The mercury fell lower in the tube, because the 
I pressure of the atmosphere was less at the top 
than at the bottom of the mountain. 

The invention of the air-pump by Otto Guericke, 

burgomaster of Magdeburg, quickly followed that 

of the barometer. To obtain a space entirely void 

of air, he filled a barrel with water, and having 

closed it exactly on aU sides, began to draw out 

the water by a sucking.piimp applied to the lower 

part of the vessel. He had proceeded but a little 

way, when the air burst into the barrel with a 

loud noise. After various failures, he at last pro- 

cured a vacuum by employing a sphere of glass. 

This was about the year 1&4. The air-pump 

was greatly improved by Mr. Boyle, assisted by 

Dr. Hooke, who was his operator. For the s^^ere 

of Otto Guericke he substituted a more convenient 

receiver, and made the pumip to work more easily, 

and produced a better vacuum. 

^ Thus the elasticity, as well as the weight of the 

air, became known. Boyle showed that water 

'always contains air, and he placed the weight 

and elasticity of air in a variety of new lights. 

When we measure the quantity of water dis- 
charged from a small hole in the bottom of a 
cylinder filled with that liquid, the efflux amoimtB 
only to about fivcei^ths of the first emission. 
To explain this disagreement, Newton had re- 
course to the supposition of a cataract or funnd- 
shaped conoid, by which the various streamlets 
bend their course to the orifice. The theory was 
first investigated by Daniel Bernoulli, in his 
treatise on hydrodynamics. It was disciussed in 
1744 and 1752 by D'Alembert, by Euler in 1755 
and 1772, and by Lagiange in 1781. But these 
admirable analytical investigations have been 
found of very bttle utility in the pactice of the 
science. The science is nearly m the state in 
which it was left by Newton ; or at least for the 
progress which it has made, it is rather indebted to 
the experimental investigations of practical men 
than to the abstract reasoning of mathematicians. 
The principles of hydrostatics constitute the 
grounds of naval architecture, which embraces 
the theory of the construction and sailing of ships. 
Euler published an important work on the sub- 
ject in 1749. Bouguer, who, from his situation, 
possessed much more experience, and was not '' 
deficient in mathematical skill, examined the 
subject in detail, and reduced the theory to a 
great deal of simplicity. In 1746, he aeman- 
strated a very useful theorem. When & body 
floats cm the sur&ce of the water, it is \\eld in 
equilibrium by the action of two opposite and 
equal perpendicular forces, passing through its 
centre of gravity and its centre of huoyancy or 
that of the fluid displaced by its immersion. Its 
weight draws it downwards, while its buoyancy 
presses it directljr upwards in the line of support ; 
the vertical position of those centres being essen- 
tial to floating, the centre of buoyancy &eB not 
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remain stationary, but shifts with the inclination 
of the floating* body. The sustaining force may 
be oonceired to act where the line of support 
crosses the axis. On this point Bouguer be- 
■towed the name of metaeentre. It is the limit- 
ing position, upon which the stability of floating 
depends. Whenever it stands above the centre 
of gravity, there is stability ; but not so when it 
is under that centre. 

The most complete set of experiments on the 
resistance of water in narrow canals was made 
by Bossnt between the years 1766 and 1775. He 
found that the celerity of water was reduced to 
one-tenth part by flowing through a smooth leaden 
pipe, whose length is four thousand times its 
diameter— or that every particle of the fluid has 
its motion extinguished and renewed ten times 
dnring its passage along ibe pipe. If in this 
cas^ the whole pressure were divided into a hun- 
dred equal parts, one of those only generates the 
velocity, while ninety.nine parts are expended in 
merely surmounting the impediments to the flow. 

Smeaton's expermients, by means of small 
models, in 1759, on the action of water and wind 
against the sails of mills, though made upon a 
very contracted scale, have been made generally 
to regulate practice. The experiments of Colonel 
Beaufoy were made with great care. But the 
most complete set are said to be those made at 
Fahlun between 1811 and 1815, by Lagerhjelm 
and Forselles. Their publication, which appeared 
in 1818,containsalso many experiments on friction. 

The resistance of fluids to bodies moving through 
them is partly occasioned by the accumulation of 
fluid before them, and partly by the dilatation and 
consequent partial vacuum produced behind the 
moving body. Both of these impediments increase 
at a great rate, according to the velocity. Robins 
first diowed, that when a body moves through air 
at a rate exceeding 1350 feet per second, a vacuum 
is formed behind it, and the body in consequence 
is retarded by a force equal to the whole pressure 
of the atmosphere. This pressure completely de. 
ranges the parabolic theory of the motion of can- 
non balls. It explains also why the motion of a 
missile is very much afiected by the shape of the 
posterior extremity. 

Robins employed an ingenious method of de- 
termining the impulse of balls, by firing them 
against a heavy-loaded pendulum, whose deflec- 
tion indicated the momentum thus communicated. 
Bj intercepting the flight at different distances, he 
discovered the diminution of velocity, and conse- 
quintly the effect produced by the resistance of the 
air. ' Dr. Hutton adopted the balistic pendulum in 
his extensive set of experiments, made on Wool- 
wich Common during the years 1790 and 1791. 
It comprehended the whole range of velocities 
fix>m 5 feet in a second to 2,000. The resistance 
was found to increase in a greater ratio than that 
of the square of the velocity. 

Coulomb showed, by his balance of tortion, that 
when the motion is very slow, the resistance of 
fluids is proportional to the velocity amply. In 
rapid motions it would appear to increase as the 
w^uare of the velocity. Probably, when the mo- 
tion is veiy rapid, the resistance may increase as 
the cube of the velocity. But this point has not 
yet been cleared up by a satisfoctory series of ex- 
periments. 



The flow of air through a small orifice suffers 
nearly the same loss as water, or delivers only 
about five-ei^ths of the measure indicated by 
theory. But when airs pass through a long pipe, 
the obstruction seems to be considerably greater 
than happens to water in the same circumstances. 

When different gases are made to pass through 
a small aperture by a given pressure, the time oc- 
cupied by the various gases is precisely inversely 
as the square root of the specific gravity of the 
gases. Thus oxygen gas is 16 times heavier 
tiian hydrogen gas ; and a given bulk of hydro, 
gen gas will pass through a given aperture, urged 
by the same pressure, m the fourth part of the^ 
time that the same volume of oxygen gas will 
take to pass. 

One of the finest consequences drawn from the 
principles of pneumatics is the method of deter, 
mining the hight of mountains by means of 
barometrical olwervations. Boyle first observed 
that the density of the air is always proportional 
to the pressure. This was also announced by 
Mariotte, in his work on the atmosphere, pub- 
lished in 1676 ; and, in consequence, is usually 
known in France by the name of the law of Ma. 
riotte. In 1685, Halley gave a geometrical 
demonstration, that the density of the atmosphere 
diminishes in a continued geometrical proportion, 
when the hights increase in an arithmetical pro- 
portion. For the sake of round numbers, he as- 
sumed thirty inches for the standard mercurial 
column ; air at the surface bemg 800 times less 
dense than water; and he made the elevation 
proportional to the difference of the logarithms of 
these columns. The interval between thirty and 
twenty-nine inches corresponding to 900 feet. 
This rule, drawn directly from theoretical con- 
siderations, was found to apply, with tolerable 
accuracy, to an observation made a few years 
afterwards on the top of Snowdon. Newton 
generalized the principle in his l^rincipia, by 
taking into the estimate the decrease of gravity 
in receding from the eaith, and arrived at the 
conclusion that the densities of the higher strata 
of the atmosphere form a geometrical progression 
corresponding to altitudes disposed in harmonic 
proportion. But this correction, in most cases of 
barometrical measurement, is supekflnous. 

After this, the subject fell aisileep for almost • 
half a century. Bouguer took the opportunity of 
his journey to Peru, to compare theory with ob- 
servation, upon the grandest scale, by measuring 
the hights of the Cordilleras. His mvestigation 
was published in 1753, when he gave the very 
simple rule which is tiie ground of our preseitt 
practice. That the difference bettoeen the lof 
garithms of the barometrical eolutnnSf reckoning 
09 integers the first four figuresy and deduf^ng 
a thirtieth part, will express the altitude ui 
ioises. To accommodate the result to fingfish 
measure, it is only required to add, instead of sub. 
tracting the thirtieth part of the logarithmic dif. 
ference to denote fathoms. 

Discrepancies still existed, which were first 
accounted for by Deluc, who showed that they 
were owing to uie influence of heat on the den. 
sity of tiie air. He corrected the defects in the 
construction of the barometer and thermometer, 
and determined the amount of the expanedoa 
which air midergoos when heated. The ruler 
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which he thence deduced were published in 1772, | 
in his work entitled Recherche^ sur lea Modifica- 
turns de VAtmoaphere. In 1774 they were re- 
duced to Englisn meas^ires, and simplified by 
Maskelyne and Horsley. General Roy com- 
puted and observed the heights of mountains in 
Wales and Scotland; and Sir Geor^re Shuck, 
borough, at the same time, and for the same pur- 
pose, ascended the Alps. Their conclusions yery 
nearly a^peed, making the difference between 
the logarithms of the mercurial colunms to ex- 
press the elevation in fathoms at a temperatue 
only a fraction of a degree below the freezing 
points. 

Vert little addition has been made to the data 
since 1777. A simple proportion given by the 
late professor Leslie of Edinburgh, however, de- 
serves to be stated, bepause it is easily remem- 
bered, aud will enable us to calculate the hights 
even when we have not in our possession a set of 
logarithmic tables. It is this: As the sum of 
the mercurial columns is to their difference, so 
is the constant number 52,000 to the hight. 
This number is more easily remembered, from 
the division of the year into fifty-two weeks. 

Something has been done of late years respect- 
ing eapiUary attr<ictiony especially by Mr. Ivory, 
who has unraveled the intricate formula of La- 
place, by disjoining it into two separate portions ; 
the one depending on the adhesion of the watery 
film to the inside of the tube, and the other re. 
suiting from half the cohesion of the particles of 
the liquid to each other. We refer the reader, 
who wishes for information on this subject, to 
Mr. Ivory's masterly treatise on the elevation of 
fluids, published in the supplement to the fourth 
edition of the Encyclopedia Brittannica. 



ELECTRICITY. 

This branch of science has been chiefly cnlti. 
vated by experiment. It is in consequence, lull 
of interest, and exhibits man^ splendid and 
striking phenom^ia. The term is borrowed from 
the Greek name iKv amber, and was applied to, a 
prop^y which amber acquired when rubbed. 
It attracted light bodies, and afterwards repelled 
them. To tl& alternate attraction and repuL 
non the name eUetricity was given. 

The l^rift person who made any striking pro. 
gress in the investigation of electricity was 
Stephen Gray, a pensioner of the Carterhouse. 
His first paper appeared in the Philosophical 
Transactions for 1720, and he continued to |»ro. 
secute the subject till the year 1736, when he 
tlied. His great discovery was that electricity is 
capable of passing with great rapidity through 
metals, animal b^es, green wood, and water; 
but not through those rodies which may be ex- 
cited by friction, as glass, hair, silk, feathers, '&.c. 
Hence he divided all bodies, as &r as electricity 
is concerned, into conducUfrs and 7um~conduetora ; 
the former he could not excite by friction, the 
latter he could not excite without difficulty. He 
found likewise, that when a conductor is sur- 
rounded by non-conductors, or insulated, as it is 
termed, electricity passes through if to any dis- 
tance ; bat when it is in contact with conductors, 
that electrici^ is dissipated. 

In the year 1733, M. Dufay, whose youth had 



been si>ent in the army, turned his attention to 
electricity, and speedily distinguished himself by 
three important discoveries. 1. He found that 
conductors may be excited, as well as non-con. 
ductors, by ihction, provided we use the prec&u. 
tion to insulate them before we^ begin to rub. 
It was from not attendinsr to this necessary i>re- 
•caution, that Mr. Gray had failed in exciting 
these bodies. 2. Electrical bodies, when excited, 
attract those that are not excited, communicate 
electricity to them, and repel them. 3. There 
are two kinds of electricity, which Dufay dis- 
tinguished by the names of vitreous and resinoiLs. 
The terms positive and negative are now usually 
applied to them. Bodies having the same kind 
of electricity repel, those hnYiagdifferent electri. 
cities attract each other. The reason why 
excited bodies attract light substances to them- 
selves is that they produce in them the contmry 
electricity from what they themselves possess* 
Hence they are attracted m consequence of the 
general law, that bodies having opposite electri. 
cities attract each other. Dufay died of the 
small pox at the early age of forty-one. 

In the year 1746, Cuneus, in company with 
MuschenbroBck and Allamand at Leyden, made 
an accidental discovery, which drew the attention 
and astonishment of the whole scientific world. 
Observing that electrified bodies, when exposed 
to the common atmosphere, soon lost their elec 
tricity, and were capable of retaining but a small 
quantity, these gentleman imagined that if an 
excited body were terminated on all sides by 
electrics, it might be capable of receiving a 
stronger charge, and of retaining it a longer 
time. A gun barrel was suspended on silken 
strings, having one of its ends very near a glass 
globe, which was turned rai^dly, w£ile electilcity 
was excited in it by friction with the hands. 
A wire was hung front, the other end of the gun 
jrarrel, which was dipped into a beer glass, fiiu of 
water, and held in the hands of one of the gentle, 
men. After the globe had been driven for some 
time, the gentleman who held the beer glass ap. 
plied his finger to the gun barrel to draw a spark 
from it. The consequence was a shook, differing 
in violence according to the length of time that 
the globe had been turned. Such was the ori^ 
of the famous Leyden phial experiment, which 
at first excited imiversal astonishment and terror ; 
but was very soon exhibited in London and 
Paris, and indeed in all the large cities of Europe, 
and drew crowds of spectators to witness the phe- 

nomena, and to feel die shock. 

It was found that this shock could be given at 
once to any number of persons, provided they 
laid hold oi each other's hands, and that every 
person (how great soever the number might be) 
received the riiock at the same instant of time. 
Advantage was taken of this shock to determine 
the rate at which electricity moves. Dr. Watson 
made an electric discharge pass through 12,276 
feet of wire. One gentleman held a charged 
Leyden jar in one hand, and the extremity of 
the wire in the other. Another^gentleman held 
the other extremity of the wire in one hand, and 
with the other brought a short iron rod in con- 
tact with the knob of the Leyden jar. The gon- 
sequence was a discharge of electricity, and both 

he gentlemen received the' charge at the same 
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instant of time. So that electricity passes over 
a circuit of two miles instantaneously, or at least 
in an interAal of time too short to he noticed. 
Indeed, in one of Dr. Watscm's experiments, the 
circuit through which the electricity passed was 
nearly six miles in length, yet no sensible inter- 
val of time was taken up by it in this long extent 
through which it had to pass. 

The first successful attempt to explain the phe- 
nomena of electricity was made by Dr. Franklin, 
in a series of letters addressed to reter Golinson, 
Esq., from Philadelphia in America. Theseiet- 
ters had been offered to the Boyal Society, but 
were refused a place in the transactions of that 
learned body. When they made their appear. 
ance in 1754 they drew universal attention, were 
almost immediately translated into all the Euro- 
pean languages ; and if this had not been suffi- 
cisi^tf they were ushered into the world in a Latin 
drees. Dr. Franklin conceived that only one elec- 
trie fluid existed, and that all the phenomena of 
electricity were occasioned either by its accumu- 
lation in bodies in more than its natural quantity, 
or by its being withdrawn from bodies, so as to 
leave in them less than the usual quantity. When 
a body^ contains its natural quantity of electricity, 
it exhibits no electrical phenomena whatever. 
When dectricity accumulates, the phenomena of 
the vitreous electricity of Dufay are exhibited. 
When electricity is deficient, we perceive in it the 
phenomena of the resinous electricity of Dufay. 
Besides this theory, which probably occasioned 
his immediate celebrity, electricity is indebted to 
him for three capital discoveries. 1. Electricity 
is dissipated at a great rate by points, so that it is 
impossible to accumulate it in pointed bodies. 

S. The second and greatest discovery of Dr. 
Franklin was, that lightning and thunder areoc 
casioned by the accumulation of electricity in 
the atmosphere ; or in other words, that Hghtning 
is the same thing with electricity. The analogy 
between lightning and electricity had been point- 
ed out already by the Abb6 Nollet, and was gen- 
erally admitted ; but Dr. Franklin having discov- 
ered the power of pointed bodies to ^tscharge 
electricity at a distance, first thought of em- 
ploying that method to render atmospherical 
electricity sensible. Not having in America the 
requisite means for such an experiment>.»he 
requested the electricians in Europe to turn their 
attention to it. The first person who attended to 
the suggestion was M. D'Abelard, who construct- 
ed an apparatus for the purpose at Marly la Ville, 
about six leagues from Paris. It consisted of an 
iron rod forty feet long, the lower extremity of 
which was brought upon a centry-box, where rain 
could not enter ; while, on the outside it was fast- 
ened to three wooden posts by silken strings de- 
fended from rain. M. D'Abelard was obUged to 
leave home ; but in his absence he entrusted his 
machine to one Coisier, a joiner, who had served 
fourteen years among the dragoons, and on whose 
courage and understanding he could depend. 
This artisan had all the requisite instructions giv- 
en him, and he was desired to call some of his 
neighbors, particularly the curate of the parish, 
whenever there should be any appearance of a 
thunder storm. On Wednesday'the 10th of May, 
1752, between two and three in the afternoon, 
Coiner he^rd a pretty loud clap of thunder. Im- 



mediately he ran to th6 machine, taking with him ' 
a phial furnished with a brass wire ; and present, 
ing the wire to the end of the rod, a small spark 
issued from it with a map, like that of a spark 
from an electrified conductor. Stronger sparks 
were afterwards drawn in the presence of the 
curate and a number of other people. The 
curate's account of them was that they were of a 
blue colour, an inch and a half in length, and 
smelled sizongly of sulphur. In taking &em Coi. 
sier received a stroke on his am, a^little below the 
elbow. 

Dr. Franklin, after having published his views 
on the subject, was waiting for the erection of a 
spire in Philadelphia to execute 3 his eiqtezimentr 
when it occurred to him that by means of a boy*s 
kite he could have a readier and better access to 
the region of thunder, than by any -spire what, 
ever. Preparing a large silk handkefchief and 
two cross sticks of sufficient length on which to 
extend it, he took the opportunity of the first ap. 
proaching thunder-storm to take a walk into a 
field where there was a shade convenient for his 
purpose. He confided his secret to nobody bat 
his son, who assisted iu raising the kite, 
ei After the kite wat| raised, a considerable • time 
g apsed before it exhibited any marks of being 
lectrified. One very promimng cloud had passed 
without efiect; when at lenerth, just as he was 
beginning to despair of his contrivance, the nun 
having wetted the string, which was of hemp« 
and rendered it a better conductor, he observed 
some loose threads on it to stand erect and to 
avoid one another, just as if they had been bus. 
pended on a common conductor. Struck with 
this promising appearance, he presented his 
knuckle to the key, which was tied to the end of 
the string, and the discovery jvas complete — ^he 
perceived a ygtv evident electric c^ark. Others . 
succeeded even before the string was fully wetted, 
so as .to put the matter past all dispute ; and when 
the rain had wetted the string, he collected sparks 
in abundance. This happened in June, 1752, 
about a month after the French electricians had 
verified the theory, but before any information on 
the subject had reached Dr. Franklin. 

This experiment of Dr. Franklin was attended 
with extreme danger. Had his cord been more 
moistened, or a better conductor than it was, it 
is not unlikely that this celebrated man would 
have fallen a victim to his temerity. This ac- 
tually happenexl soon after to professor Richmann 
of Petersburg, who was struck dead by a flash of 
lightning on the 6th of August, 1753, drawn by 
his apparatus into his room, as he was attending 
to an experiment which he was making with it. 

3. The third discovery of Dr. Franldin was the 
analysis of the. Ley den phial, which contributed 
more than any thing else to estaUish his peculiar 
theory of electricity. The Leyden phial in its 
present state of simplicity was the work of Wat- 
son and Nairn. It consifrts of a glass jar, of any 
size, narrower at the mouth, and coated within 
and without with tin foil to within two or three 
inches of the mouth. The mouth has a piece of 
dry varnished wood fitted into it ; through which 
there passes a wire having a knob on Uie top of 
it, which rises a few inches above the mouth, and 
which touches the tin foil coating at the bottom 
of the J8ff in the inside. When the knob of this. 
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jar 18 preientod to the prime conductor of an 
deetrical machine, sparlui paaa into it, and for 
every spai^ which pasBee into the inside of the 
jar, thoe may be aeen a correiqKmdin^ spark 
pasaine between the outside coating and a me. 
tailic knob held near it. The inside of the jar 
is charged with poeitive electricity, and the out- 
side with negative electricity. Whenever the 
inside and outside coatinff are brought into con- 
tact, as by holding the jar m one hand and touch- 
ing the knob with the other, the two electricities 
rush into combination and an electric shock is 
Mi. 

The Franklinian theory was exhibited in a 
mathematical dress bv iBjpinus in 1759, and by 
Mr. Cavendish in 1771. The theory proceeds on 
the notion, that only one electrical fluid exists, 
and that its particles repel each other, but are at- 
tracted by matter. But several of the hypotheses 
which they were obliged to assume are hardly 
admissible. Thus they were obliged to admit 
that matter repels matter, though of this repul- 
aion no proof can be given. Neither are the phe. 
nomena of electricity consistent with the notion, 
that an affinity exists between matter and dec 
tridtj. For it has been ascertained, that electri. 
city IS entirely confined to the sur&ce of bodies, 
and never penetrates into the interior; a &ct 
which appears inconsistent with any such affinity. 

In 1779 a highly important work on electricity 
was published by Lord Mahon, afterwards Earl 
of Stanhope. In this work the author enters at 
large into the doctrine of electric atmospheres. 
He showed, as had been previouslv done by Mr. 
Canton, that the air in the neighborhoocT of a 
changed conductor gradually acquires the same 
kind of electricity with the conductor, and that 
the intensity of this state varies inversely as the 
square of the distance from the conductor. 

In the same work he explained the nature of 
what he called the returning stroke. When an 
excited body is brought into the neighborhood of 
another bod3r, the equilibrium of the electricity 
in that body is disturbed. Let the first body be 
charged with poeitive electricity ; the extremity 
of the second body next it will become negative, 
in consequence of the positive electricity of the 
first body attracting the negative of the second 
and lepeahne the positive, which last will accu- 
mulate in the furthest extremity of the second 
body. When matters are in this state, let the 
surplus electricity be discharged firom the first 
body by touching it with a conductor. The posi- 
tive electricity which had accumulated at the 
fiffthest extremity of the second body will now 
return and spread itself equally over the whole 
body.^ The same will happen to ^e negative 
dectricity, which had accumulated in the end 
nearest the first body. It is to this return or new 
disbribntion of the dectricity that Lord Stanhope 

£ve the name of returning stroke. Suppose a 
ge cloud charged with positive electricity, and 
that cHue end apmaches within a certain distance 
of the earth. That part of the earth nearest it 
will become negative. The negative electricity 
will accumulate, and the positive wIU be repelled 
to a distance. Let the electricity be suddenly 
discharged firom the cloud, the poeitive electricity 
will return back to the part of the earth below 
the ckmd with impetuosity, while the n^ative 



electricity will recede with equal vdocity. Hence 
it may happen that animals may be destroyed by 
such a returning stroke, even when no thunder is 
near them. A remarkable instance of this took 
place at Coldstream in the year 1766, when a 
man and two horses were killed by the returning 
stroke, soon after passing the Tweed. 

Coulomb appeared as an dectrician about the 
year 1785, and added more important facts than 
^any who had aj^ieared after the time of^ Franklin. 
He began by constructing a very ddicate electri- 
cal baUmce, which meainired the attractive and 
repulsive forces by the tortion of a very fine wire. 
liie three discoveries which he made, by means 
of this balance, constitute, in fieust, the basis of 
all dectrical theory. These discoveries are the 
foOowing : 

1. The attractions and repulraons of dectrical 
bodies vary inversdy as the square of their Qia. 
tances. 

2. When insulated bodies are diarged with 
electricity, they gradually lose that charge. This 
is partly owing to the surrounding atmoG]^»e, 
which never b^g absolutely free from conduct- 
ing particles, these partides gradually get posses- 
sion of the electricity, and caixy it off. ^ It is 
partly owing also to the electric bodies, which 
serve as iiuulatoTB. There is, probably, no sub. 
stance absolutdy impervious to dectricity ; though 
some - are more and some less^so. Hence the dec- 
tricity gradually passes off along the insulated 
body. Coulomb determined the effi^t of both these 
causes, and thus put it in the power of electricians 
to calculate how much decUicity an insulated 
body loses in a given time. 

3.. When electricity is accumulated in any 
body, the whole of it is d^KMuted on the surface, 
and none of it penetrates mto the interior. So 
that a hollow sphere, how thin soever its walls 
may be, is capable of recdving as great an dec 
trie charge as a solid body of the same dimen-r 
sions. 

From the various experiments of Davy in 1833, 
there is reason to conclude that the dectric q>ark 
is merdy evdved by the sudden omdensation of 
air, or any elastic fluid through which the dectri- 
city passes. For though dectricity passes readily 
through an absolute vacuum, no spark whatever 
can4>e percdved. 

Electricity maj be evolved in some bodies bv 
heat as wdl as friction. This is is the case with 
the tourmalin, the dectrical prq>erties of which 
were investigated by Bergman and JEpinus. — 
When a traneparent toumudin is heated at 21S^, 
one of its entk becomes positive, and the other 
negative, while the centre of the prism is a neu- 
tral point, exhibiting no signs of electricity what, 
ever. From 212° the dectric energy increases 
rapidly till the tempemture sinks to 156°, when 
it IS a maximum. From 156° to 104° it remains 
nearly stationary, and sinks rapidly frt>m 104° to 
70°, when it is nearly the same as at 212°. If 
we break the tourmahn in two while in a state of 
excitement, each of the firagments will be ^ found 
to possess precisely the electrical properties of the 
whole crystal. 

The tourmalin is not the only mineral which 
exhibits these properties. Four or i&ve other crys- 
tallized minerals possess similar properties. 

Becquerd has lately shown, that when two 
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elastic bodies are. pressed strongly against each 
other, provided both be insulated, they acquire 
different states of electricity, the one becoming 
positive and the other negative. Iceland spar, 
sulphate of lime, fluor spar, sulphate of barytes, 
when pressed against cork become positively 
•electrified, while the cork becomes negative. But 
«ork becomes positive when pressed against cyanite 
iand retinasphaltum. Electncity thus evolved con- 
tinues a long time. 

Pouillet has lately ascertained, that when char- 
coal is burned, the portion of the piece which is 
unconsumed becomes charged with negative elec- 
tricity, while the carbonic acid gas formed is 
positive. When hydrogen is burned, the air around 
the flame at some distance is positive, but the 
centre of the flame is negative. 

About the beginning of the present century, a 
neV and most important electric instrument was 
contrived by Volta, which has been employed 
with the most fortunate success in promoting the 
science of chemistry. When two diflerent metals, 
zinc, for example, and copper, are placed in con- 
tact, and then separated, the zinc is electrified 
positively and the copper negatively. If we tak^ 
a number of pairs of these two metals, placing 
each pair in contact and in the same order, and 
introduce between each pair a card moistened 
with wet salt-water, a current of electricity is 
evolved. If we appl^ the wet finger of one Imi^d 
to the top of such a pile, and the wet finger of the 
other hand to the bottom of the pile, we immedi- 
ately feel an electric shock, the intensity of which 
increases as the number of pairs of plates. With 
100 pairs the shock is severe. Such was the origin 
of what is called the G£ilv£mic or Voltaic battery. 
The plates are usually about three or four inches 
square. Each zinc plate is surrounded with Cop- 
per, distant from it about a quarter of an inch, 
except at the top where the two plates are soldered 
together. These plates are inserted into the cells 
of a porcelain trough, so fixed that the copper 
plate^f one cell is soldered to the zinc plate of the 
next cell. The cells are filled with a weak solu- 
tion of nitric acid. About 200 pairs of plates, 
thus united, constitute a pretty powerful galvanic 
battery. 

In such a battery, the plate at one end is cop- 
^r, and that at the other end zinc. T&e zinc 
end is positive, the copper end negative. When 
the two extremities are joined by a conducting 
wire, a current of electncity passes uninterrupt- 
edly through the battery as long as the nitric 
acid is dissolving the zinc, which it attacks in 
preference to the copper. But when the acid is 
saturated with oxide of zinc, the current is at an 
end. The quantity of electricity thus set in mo- 
tion is very great, but its intensity is low. When 
the conducting wires are iron or -platinum, they 
i>ecome red hot, and even under^ fusion if they 
are not too long or too thick. Pieces of charcoal, 
attached to platinum wires from each extremity 
of the battery, when placed in contact, become 
white hot, and bum, if surrounded with air or 
oxygen gas, with very great splendor. 

If a platinum wire from the positive extremity 
of the battery be plunged into a glass of water, 
and a platinum wire from the negative extremity 
be plunged into the same glass, taking care that 
the two wires do not touch eagh other, the water 



immediately begins to undergo decomposition; 
oxygen gas being evolved from the positive wire, 
and hy<kogen gas from the negative, exactly Jn 
the proportions that e:^Bt in that liquid. If the 
positive wire be iron or copper, oxygen gas is not 
evolved from it in the requisite quantity, but the 
wires become oxydized. If a stilt be dissolved in 
the water it undergoes decomposition, its acid be- 
ing attracted towards the positive pole, and its 
base to the negative pole. All Chemical <M>m- 
pounds are decomposed by this battery, if suffi- 
ciently powerful, and they are decomposed ac- 
cording^ to this law. Oxj^en, chlorine, bromine, 
iodine, and fluorine, togeUier with all acids, are 
attracted to the positive pole, while hydrogen, 
azote, alkalies, earths, and metals, are attracted 
to the negative pole. 

The same progress has not been made in de- 
veloping the theory of this curious piece of elec- 
tric^ apparatus, as Jias tstken place in investigat- 
ing the phenomena which it produces. The ac- 
tion of the battery is limited to the time of the 
chemical action of the nitric acid on the zinc : 
hence it is obviously connected with this action. 
No liquid conductor is found to answer,^ unless it 
be capable of acting chemically on the zinc. Ni- 
tric acid answers better than any other acid, and 
it dissolves the zinc more rapidly than any other. 



MAGNETISM. 

The ore of iron, called the loadstone^ was 
known to the ancients, and the property which it 
possesses of attracting iron filings ; but they were 
ignorant of the directing if^wQX, which has been 
turned to such important account in modem nav- 
igation. But this directing power, there is rea- 
son to believe, was known to the Chinese at least 
2000 yeeurs ago, though they did not turn it to so 
good account as the inhabitants of Europe. 
Whether the knowledge of the mariner's com- 
pass was brought from the East is not known. 
But a citizen of Amalphi, in Italy, whose name 
is said to have been Flavio Gioyo, first construct- 
ed the mariner's compass, such as we have it at 
present, and marked the north end of the needle 
with a fleur de lis, the armorial bearing of the 
kingdom of Naples. 

The first person who attempted to generalize 
the magnetic phenomena was Dr. Gilbert of Col- 
chester, who began his career during the reign of 
Queen Elizabeth. He found that every magnet, 
whether natural or artificial, has its powers con- 
centrated m two opposite points, called the north 
and south- poles; intermediate between which 
there is a neutral point : that similar poles repel, 
while opposite poles attract, with a force (as was 
afterwards ascertained by Coulomb) varying in- 
versely £is the square of the distance. If a long 
bar of iron be held in a position nearly vertical, 
its lower extremity is always found to manifest 
the properties of a north pole. From this &ct, 
Gilbert inferred the ma^etism of our globe. 

The variation or decimation of the needle was 
discovered by Columbus during his celebrated 
voyage of discovery ; since which time it has 
been regularly observed. In 1580, the needle in 
London pointed 11® 15' east of north. In the 
year 1657, it pointed due north. Its declination 
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incTOBaed yearly in a westerly dkection till 1814, 
when it reached its greatest distance west, name, 
ly, 84° av 10". Ever since 1814 it has been go. 
ing east at a rery slow nUe. 

The dip or inclination of the magnetic needle 
was first observed by Norman, in the year 1576. 
If a steel needle, suspended freely from its centre 
of gravity, be converted into a magnet, it will no 
lon^ner hangjperpendicularly; one end of it will 
inolme downwards, while the other will rise 
above the horizontal position. This is called the 
dip. Norman found the dip of the north pole at 
London to be 71° 50'. From that time it con- 
tinned constantly to increase at a veiy slow rate 
till the year 1720, when it seems to have reached 
ito maximum ; namely, 75° 10'. Ever since it 
has been slowly diminishinir. In 1821 it was 
70° 3'. 

From numerous observations made in di^rent 
partrof the torrid zone, there is reason to believe 
that the line of the dip or the magnetic equator 
is distant at a maximum about 12° from the ter. 
restiial equator. It is a great circle of the 
•qphere, and cuts the equator on two places in 
about 113° west longitude, and 67° east longitude. 
As we advance norm or south from this magnetic 
equator, the dip slowly increases, the south pt^e 
dipping if we go south, and the nortii pole if we 
go north. 

The first person who attempted to account for 
the declination of the needle, was Dr. Halley. He 
considered the globe of the earth as constituting 
one great magnet, having four poles, two to the 
north, and two to the south, at considerable but 
unequal distances from the poles of the earth. 
Two of these poles he considered as fixed, and 
two as movable. This subject was taken up by 
Ph>fes8or Hanstein of Christiania, who has had 
the advantage of another century of observations. 
He has adopted the Halleyan hypothesis, with 
some modifications. One of the north and one 
of the south poles is weaker than the other. One 
of the north poles revolves round the pole of the 
earth in 1 740, the other in 860 years. The strong- 
er north pole is at present ratuated in north lati. 
tude 73° 53', and west lonptude 87° ; the weak- 
er in north latitude 85° 12.' and east longitude 
140° 6'. The stronger south pole is in soum lati- 
tude 68° 52', and east longitude 132° 35'; the 
weaker in south latitude 78° 16', and west lon- 
gitude 135° 59'. 

^ In 1722, Mr. Graham discovered the daily va- 
nation of the needle. The subject was prosecut- 
ed by Mr. Carters, and Colonel Beaufoy deter, 
mined the amount of the daily variation for a num. 
her of years, with indefatigable accuracy. It was 
taken up at last b^ Mr. Barlow and Mr. Christie. 
They all concur in showing that the daily varia- 
tion is owing to the action of the Sun on the 
needle altering the intensity somewhat by the ef. 
feet of his heat. 

Mr. Barlow ascertained that the 'intensity of 
the action of iron on a magnetic needle is propor- 
tionai to its surface, not to its solid contents ; so 
that a hoUow sphere of iron, however thin, has as 
great ap effect upon a needle as a solid iron sphere 
of the same diameter. 

It was supposed at first that iron or substances 
containing iron, were alone susceptible of the 
magnetic mfluence; but cobalt and nickd were 



afterwards found capable of being ^converted into 
magneto ; though less powerful than those of steel. 
Coutomb showed that all bodies were to a certain 
extent susceptible of magnetic influence. 

While hot, iron has no efifect upon the magnet- 
ic needle ; but as the iron cools it begins to act, 
and it acte most powerfully at a blood-red heat. 
Mr. Barlow and Mr. Charles Bonnycastle ob- 
served that between a bright-red and a blood-red 
heat it acte in the opposite way fiiom what it does 
when cold. If it attract the north pole of the 
needle while cold, it will attract the south pole at 
the temperature above specified. 

Mr. Barlow found that if a magnetic needle be 
placed at a certein distance fix)m a mass of iron, 
the needle is deflected when the iron is put into 
rapid motion. . 

About the year 1824, M.Arago discovered t]^at 
when plates of copper and other substances are 
set in rapid volution beneath a magnetized needle, 
they cause it to deviate from its direction, and 
finally to drag it al<mg with them. This curious 
foot was repeated and verified in 1825 by Messrs. 
Herschell and Babbage. They mounted a pow. 
erful (impound horse-shoe magnet, capable of 
lifting 20 lbs., in such a manner as to receive a 
rapid rotation about its axis of symmetry placed 
vertically, the line joining the poles bemg hori. 
zontel, and the poles upwards. A circular disk 
of copper, 6 inches in diaJfleter, and 0.85 iifth 
thick, was suspended centrally over it by a silk 
thread without tortion, just capable of supporting 
it. A sheet of paper properly stretched was in- 
terposed, and no sooner was tne magnet set in ro- 
tetion, than the copper commenced revolving in 
the same direction, at fiist slowly, but with a ve- 
locity gradually and steadily accelerating. The 
motion of the magnet being reversed, the veloci- 
ty of the copper was gradually destroyed ; it rest- 
ed for an instant, and then began to revolve in 
the opposite direction. 

The rate of rotation was not diminished, by 
interposing between the copper and the revolving 
magnet, plates of paper, glass, wood, copper, tin, 
zinc, lead, bismuth, or antimony. But it was 
greatly diminished when the substance interposed 
was iron. One sheet of tin plate reduced the rate 
of rotation to about one-fifth part, and two sheete 
nearly destroyed it. 

When disks of other metals were substituted 
for copper, they were found also capable of being 
made to rotete, though with different degrees of 
rapidity. The order of the different metals, and 
the intensity of the force of each, that of copper 
being reckoned 1, was as follows/«— * 

Copper , 1 . 

Zinc 0.90 

Tin 0.47 

Lead : 0.25 

Antimony 0.11 

Bismuth 0.01 

Wood .0.00 

When these disks were cut with a pair of scis- 
sors in various radii, stretching from the circum- 
ference nearly to the centre, the force was greatly 
weakened ; but it was nearly restored again, 
by soldering these interveils with any metal 
whatever. 

Silver was found to hold a high rank among the 
metals, and gold a very low one. Mercury lies 
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between antimony and bismuth. The only other 
substance, besides the metals, in which any tra. 
ces of magnetism have been perceived, is char. 
coal, in that state in which it is deposited at a red 
heat fh>m coal' gas, lining the retorts, and gradu. 
ally filling them. 

Copper reyolving produces no effect upon cop- 
]per. It was always necessary, in order that mo- 
tion? should be produced, that one of the bodies 
isdiould be a magnet. It is obvious that magnet- 
ism is introduced into the* copper and the other 
metals by induction. 

The mtensity of the directive force of a mag. 
netic needle may be measured, by causing the 
needle to vibrate m small arches, and counting the 
number of vibrations performed in a given tune ; 
the intensity of the directing force beiuj^ inversely, 
as the square of the number of vibrations. 

The e^ct of an electric current upon a mag. 
netic needle was accidentally discovered by pro. 
fesaor GSrsted of Copenhagen, in the year 1819. 
While a galvanic battery was in action, he placed 
a needle under the wire which united the two 
poles of the battery, and observed that it placed 
itself at right angles to the conducting wire. — 
When placed above the conducting wire, it also 
placed itself at right angles to it ; but in that 
situation the needle was reversed, the north pole 
pointing the contrary way from what it did when 
iim nee^ was xmderthe wire. If thS needle be 
above the conducting wire, the north pole turns 
to the left of the current of positive electricity. — 
If it be below the conducting wire, the same pole 
turns to the right. When the needle is placed on 
the west side of the conducting wire, (supposed 
to be nearly in the magnetic meridian) and par- 
aBel to It, the north pole will be elevated ; but 
when placed on the east side of the conducting 
wire, the same pole is depressed. 

Arago and Davy observed, about the same 
time, mat the conducting wire, while the gal. 
vanic batteiy is in activity, attracts iron filings ; 
but the moment the contact is interrupted, the 
filings drop off; but bodies not magnetic are not 
attracted by it. 

Arago observed, that if a copper wire be wound 
spirally round a glass tube, and then made to 
unite tiie opposite poles of a galvanic batterv} if 
a steel needle be introduced into the inside of the 
tube it is instantly converted into a magnet. If 
the copper wire be twisted round a mass of soft 
iron, shaped like a horse-shoe magnet, and made 
to unite the oppomte poles of a galvanic battery 
in action, the soft iron becomes a powerful mag- 
net, and retains its virtue while the battery con 
tinues in .activity; but if we interrupt the con 
nezion of the copper wire with either of the poles 
of the battery, the magnetic virtue disappears. 

Next to the discoveries of CErsted, those of 
Mr. Faraday are the most important. He first 
observed that the position of the magnetic needle, 
with reiqpect to the conducting wire, greatly mod- 
ified the effects produced. He ascertained that 
the apparent attraction of the needle on^pne side, 
and its consequent repulsion on the other, did not 
occur in all cu'cumstances ; but that according as 
the wire was placed nearer to or farther from the 
pivot of the needle, attractions or repulsions were 
pipduced on the same side of the wire. When the 
wire is madt to approach perpendicularly toward 



one pole of the needle, the pole will pass off on one 
side, in that direction which the attraction and 
repulsion at the extreme point of the pole would 
give. But if the wire be made continually to ap. 
proach the centre of motion, by either the one or 
the other side of the needle, the tendency to 
move in the other direction diminidies; it then 
becomes null, and the needle is quite indifferent 
to the wire ; and ultimately the motion is re- 
versed, and the needle endeavors to pass the op. 
posite way. 

From these &cts, Mr. Faraday concluded that 
the centre of magnetic action, or the true pole of 
the needle, is not placed at its extremity ; but in 
its axis, at a little distance from the extremity, and 
toward the middle, that this point has a tendCTicy 
to revolve round the wire ; or, which is the same 
thing, the wire round the point. . He found, upon 
trial, that the conducting wire of a battery, if at 
liberty to move, will revolve round the poles of a 
magnet, while the battery is in action. This 
discovery has given occasion to a variety of lit- 
tle toys, in which small batteries are made to re. 
volve round the poles of a magnet or magnets 
round a wire, uniting the opposite pc^es of a bat- 
tery in action. 

Mr. Faraday has more lately discovered, that 
when the two poles of a magnet are joined by a 
piece of soft iron, when one of the poles is disen. 
gaged from the iron a spark is perceived ; but this 
spark does not appear when both poles are disen- 
gaged together. 

From the phenomena of magnetism just enu- 
merated, there cannot be a doubt that electricity 
and magnetism depend upon the influence of the 
same prmciple. What that principle is, may ne- 
ver be discovered. It has been usual to consider 
it as a subtile and elastic fluid, which revolves 
round the surfrice of an excited body in a spiral 
direction. Doubtless the magnetic poles of the 
earth result from electric currents. But we are 
still in the dark with respect to the reason why 
only steel, nickel, and cobalt can be converted 
into magnetic needles, and why the magnetic 
virtue is so weak in the other metals. 



CHEHISTRT. 

Chemistry, unlike the other sciences, sprang 
originally from delusion and superstition, and 
was, at its commencement, on a level with magic 
and astrology. After shaking off this unhal. 
lowed connection, it offered its services to the 
physician in the humble rank of an assistant in 
the preparation of medicines. Its services being 
accepted, it ventured occasionally to investigate 
the nature of the medicines employed by medi- 
cal men, to simplify and improve them, and even 
to suggest the employment of new remedies, when 
they appeared from the researches made to be su. 
penor to the old. From this humble beginning, 
it gradually extended its benefits to miners, me- 
tallurgists, and artists in general ; and examining 
the properties of all the substances in nature, 
amehorated, and improved, and simplified many 
of the most useful processes. 

We have no evidence that the ancients were 
acquainted with chemistry, in the modem sense 
of the word ; but it was cultivated by the Ara- 
bia^, after the estaUishment of the empire of 
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the caliphs. Geber, who lived in the eig;fatb cen- 
turj, is almost the only chemical writer among 
the Arahians whose works have become known 
in Euic^. Four tracts of his, known by the 

Jttaint titles, " Of the Investigation or Search of 
Perfection ;" ** Of the sum of Perfection, or the 
Perfect Magistery ;" " Of the Invention of Verity 
or Perfection ;*! "Of Furnaces," &c, have heen 
translated into Latin, and likewise into Eng^lish. 

His object was the preparation of a universal 
medicine ; and during his investigation of it, he 
states a number of circumstances, which enable 
us to appreciate the degree of chemical know- 
ledge which he possessed, and which may be sum. 
med up under the following heads : 

1. He was acquainted with gold, silver, cop. 
per, iron, tin, lead, mercury, arsenic. Whether 
he was acquainted with antunony is not so clear. 

2. Potash and soda were known to him, at 
least in the state of carbonates. But whether he 
was aware of their different properties does not 
appear. 

a. He was acquainted with sulphuric acid, ni- 
trie acid, and, probably, muriatic acid ; or at least 
he prej^ared an aqua regia, by mixing sal ammo, 
niac with nitric acid, which enabled him to form 
a liquid capable of dissolving gold. 

4. He knew common salt, saltpetre, sal am. 
moniac, alum, sulphate of iron, borax, corrosive 
sublimate. 

5. He was acquainted with red oxide of mer. 
cunr* oxide of copper, red lead and litharge. 

6. He employed vessels for distillation, and 
used aludds of stoneware, glass, and metal. — 
The water bath, the common still, the method of 
distilling per descensum, furnaces for melting 
and calcining metals were familiar to him. Vin- 
egar was used as a solvent by him in many of his 
processes. 

As chemistry is entirely an experimental sci- 
^ice, and as the number of facte and compounds 
gradually discovered is exceedingly great, it would 
be imfxwsible, in a sketoh of this und, to notice 
eveiy individual improvement or discovery. We 
shall, therefore, satisfy ourselves with pointing 
out those which had the greatest influence upon 
the progress of the science. 

When we have a compound of two bodies uni.^ 
ted together, and wish to separate one of them, 
the successful process is to add a third body. — 
This third body, in many cases, unites with one 
of the ingrediente of the compound, and disen. 
gagc» the other. Thus saltpetre is a compound 
of nitric acid and potash, m the proportion of 
6.75 of the former, and six of the latter. If we 
want to procure the nitric acid, we shall succeed 
if we put 12.75 of nitre into a retort, and pour 
over it 12.25 of the sulphuric acid of commerce. 
Upon applying heat to this mixture, the nitric 
acid of the saltpetre will come over into the re- 
ceiver, together with the water of the sulphuric 
acid, making together nine ; and there will re- 
main in the retort all the potash, combined with 
all the sulphuric acid, weighing together sixteen. 
Magor, in the 14th section of his treatise De 
Spiritu nitro-aereo, published in 1678, seems to 
have been the first person who explained in an in- 
telligible manner, these mutual unions and de- 
compositions which take plaee in salte when a 
ird body is judiciously added. The theoiy was 



afterward sugfrested bv Sir Isaac Newtoa at tbe 
end of his Optics. Tne union he ascribed to an 
attraction existing between the atoms of bodies, 
and the decomposition to the addition of a body 
having a greater attraction for one of the oonstit. 
uente of me compound than the constituent has 
which it displaces. Tables exhibiting the order 
in which these decompositions take place, were 
first drftwn up by Geoffioy Junior, in 1718. These 
tables were gradually improved, till at last they 
were brought to the greatest degree of perfectimi 
which they have yet attained, by Bergmann, in 
theyearl783. ' 

Sir Humphry Davy made a most impOtialit 
improvement in this theory of attraction and de- 
composition, and first rendered the way in whidi 
decomposition takes place intelligible. The atoms 
of bodies, according to him, are always in an 
electrical state ; some of them being positive and 
others negative. Bodies in the same state have 
no affinitv for each other, and, of course, do not 
unite, unless one of them be much more power, 
fully positive or negative than the other. When 
this happens, and the two atoms are brought 
near each other, the opposite steto may be pio- 
duced in the other by induction, in which case 
union may take place. Thus oxygen and chlo- 
rine are both negative ; but oxygen much m<»e 
so than chlorine. Hence when they approach 
near each 9ther, the negative state of the former 
win increase, while that of the latter will dinun- 
ish, so that it may become actually positiYe, 
though only weakly so. Hence they will unite ; 
but &e uiuon will not be strong. 

Bodies in different states have an affinity for 
each other, and this affinity augmente in propor- 
tion to the intensity of the two states of electii. 
city in the two bodies. Thus oxygen is intensely 
negative, and hydrogen is intoasely positive. — 
Hence there is a strong affinity between them. 
Sulphuric acid is negative, and magnesia posi- 
tive ; heace they unite, and constitute sulphate of 
magnesia. Potash is more strongly positive than 
magnesia. Hence when it is mixed with sul- 
phate of magnesia, it will not only attract the 
sulphuric acid more strongly than the magnesia 
does: but it wHi, at the same time, repel the 
magnesia, because both are in the same electrical 
state. This greater attraction, combined with 
the repulsion, is capable of driving off the mag. 
nesia, and enabling the potash to take ito place. 

The first attempt to generalize the phenomena 
of chemistry was made by Beccher, and by his 
successor Stahl. Combustion was the most ex- 
traordinary phenomenon in chemistry. It was 
confined to a certain set of bodies called eombus. 
tibles. When these bodies were heated in the 
open air, . they became hotter of themselves, and 
continued for a certain time to give out heat and 
light in great abundance. When the procass is 
at an end, these bodies have lost their original 
appearance, and have assumed another ^uite dif. 
ferent. Thus when sulphur is burnt, it is ocm- 
verted into an invisible gaseous body, having a 
strong afid suffocating. smell, and a sour taste, 
and known by Ihe name of sulphurous acid.— 
Phosphorus is changed into a white^ solid sour 
tasted, body called j^osphoric acid ; iron into a 
red powder, lead into a rid or yellow powder, and 
mercury into a black or red powder. Beccher 
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and Stahl thou^t that all combustible bodies owe 
their combustimlity to the presence of a peculiar 
body, which was the same in all, and to which 
they gave the name of phlogiston, (or the combus- 
tible oody.) During the burning of the combus. 
tible body the phlogiston msikes its escape, and 
what remains is the other constituent; for all 
combustibles, in their opinion, consisted, of two 
constituents, phlogiston and an incombustible 
substance which varied for each body. For sul- 
phur, it was sulphurous acid; for phosphorus, 
phosphoric acid. For iron, lead, and mercury, 
the black, yellow, or red powders which remam 
when these metals are calcined. These opinions 
were uniyersally adopted by chemists, and modi, 
fied their views, and regulated their mode of ex- 
perimenting. Boyle, indeed, had shown that tin, 
when calcined, increases in weight ; but this did 
not alter their opinions, because the increase of 
weight was ascribed to fire fixed in the tin dur- 
ing the process of calcination. 

Chemistry continued in this country little else 
than the art of prepanng medicines, till Dr. Cul. 
len began his great career about the year 1740. 
He was aware of the important purposes to which 
the science might be applied, and had devoted 
himself to the subject. In 1746 he was appointed 
lecturar on chemistry in the college of Glasgow ; 
and though his attention was speedily withdrawn 
from his mvorite science, by his being placed in 
the medical chair of that university, yet he had 
the merit of rendering chemistry popular, and of 
eiiucating Dr. Black, who became his favorite 
pupil and friend. 

Black, when a very young man, discovered 
that limestone is a salt composed of two different 
constituents, namely, lime, which possesses the 
characters of an alkaH or base ; and carbonic 
acid, which possesses the characters df an acid. 
This last ingredient is a gas or aerial body when 
in a separate state. Hence it is disengaged when 
lime is dissolved in an acid, and occasions the 
effervescence which always acQompanies such so. 
lations. When the limestone is exposed to a 
strong heat, the carbonic acid is, in like manner, 
driven off, and leaves the lime in a separate state. 
What is called quicklime, or burnt lime, is the 
pure substance, or caustic lime. When combined 
with carbonic acid it Igses its causticity, and is 
converted into a mild tasteless salt. 

Mr. Cavendish took up the subject of carbonic 
acid where Dr. Black had laid it down. He de. 
termined its specific gravity, its solubility in wa- 
ter, and its various other properties. Bergmann 
dwelt upon its acid characters, and described the 
salts which it forms, with the various bases. Dr. 
Priestley made ejcperiments upon its antiseptic 
properties, and, together with Dr. McBryde, re. 
commended water impregnated with it as a valu. 
able medicine. Lavoisier determined its nature, 
fihowed that it was formed during the combustion 
of charcoal, and that it was a compound of three 
parts by weight of charcoal, and eight parts of 
oxygen. Hence the reason of its formation dur. 
ing the combustion of wood and coal, and all 
those bodies which contain charcoal. 

Mr. Cavendish examined the properties of hy. 
drogen gas, showed how to prepare it by dissolving 
ircm or zinc in dilute sulphuric acid, determined 
its sensible qualities, ascertained its specific gray- 



ity, examined its combustibility, and discovered 
that, when burnt, it unites with half its volume of 
oxygen gas, and that the product is water. The 
sub^uent investigations of Dr. Front and Dr. 
Thomson have shown that oxygen gas is six. 
teen times Jieavier than the same bulk of hydro, 
gen gas. Hence, as water is a compound of one 
volume of oxygen, and two volumes of hydro, 
gen, it follows that water contains 8.9ths of its 
weight of oxygen, and 1.9th of hydrogen. 

Dr. Priestley discovered oxygen gas on the 4th 
of August, 1774, by heating the red oxide of mer- 
cury in a ?un barreL He found it to be a gas ; 
that bodies l)um in it better, and that animals are 
capable of breathing it longer than common air. 
He considered common air as a compound of oxy. 
gen and phlogiston. When air is saturated with 
phlo^ton, he thought it was converted into 
azotic gas, which therefore he called phlogistica- 
ted air. For a similar reason he called oxygen 
dephlogisticated air. But Scheele, who had been 
engaged in the same investigations, without be- 
ing aware of the labors of Priestley, took a sim- 
pler view of the subject. He considered common 
air as a mixture of oxygen and azotic gases ; 
both of which he thought were simple bodies. — 
It was the oxygen that made air capable of sup. 
porting combustion, and capable of being breath, 
ed. Lavoisier adopted the opinion of Scheele, 
and betrayed the origin of his views by assuming 
the very same proportions of oxygen and azotic 

fas in air that Scheele had done. Cavendish, in 
783, demonstrated that air is a compound of 
about four volumes azotic and one volume oxygen 
gas; and he showed, by making trials in the 
neighborhood of London for a whole year, that 
these proportions do not sensibly vary. These 
views, after having been neglected or overlooked 
by chemists for nearly twenty years, were univer- 
sally adopted about the beginning of the present 
century, chiefly in consequence of the observa. 
tions of BerthoUet. 

Chlorine was discovered by Scheele in 1774, 
during^ his researches on manganese. He found 
that it was disengaged when muriatic acid was 
digested on the black oxide of manganese. He 
observed its smell, its color, and its property of 
destroying vegetable colors ; and he considered it 
as a muriatic acid, deprived of phlogiston, by 
which term he understood hydrogen gas. The 
properties of this gas were farther examined by 
BerthoUet and Chenevix. BerthoUet considered 
it as a compound of muriatic acid and oxygen ; 
and, therefore, gave it the name of oxy-munatic 
acid. - He had the merit of first proposing it to 
bleach linen and cotton, a process which was af. 
terward brought to perfection in Glasgow. In 
1809, Gay.Lussac and Thenard made a set of 
experiments, in order to separate oxygen from it ; 
but without being able to obtain any evidence 
that it contained any. The subject was taken 
up by Davy in 1810. He was equally unable to 
obtam any proof of the presence of oxygen in it. 
He, therefore,' affirmed that it was not a com- 
pound of muriatic acid and oxyg^en ; but a sim- 
ple substance, simUar in many of its properties to 
oxygen itself, and, like it, capable of uniting 
with aU the other simple bodies. This induced 
him to give it the name of chhrine, fix>m a 
Greek word sigmfying grass green. He shcw^ 
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that when eqiaal Tolumes of chlorine and hydro- 
gtta gassas sm teani&d together, and an electrical 
■park mned^tbwNigh the miicture, combustion 
takee pnee; tiM two ^ases unite, and are con. 
Tertad into mnriatie acid gas, equal in volume to 
the bulk of the two gases before combostion. — 
Hence it followp that muriatic acid is a com- 
pound of chlorine and hydrogen. Thus the the- 
oiy of Sdheele Was established by Davy. 

Bromine was discovered by M. Balard in 1825, 
and iodine by M. Courtois in 1811. « The former 
is a hyacinth-red liquid, the latter a bluish vola. 
tile solid, having the metallic lustre and some re- 
semblance to antimony in its appearance. The 
properties of bromine were investigated by Ba- 
lard, and those of iodine by Gay-Los^ac and 
Davy ; but chiefly by the former. Both of these 
bodies are simple substances ; both resemble chlo- 
rine very closelv in their characters, and, like it, 
they combine with other bodies. The compounds 
of chlorine, bromine, and iodine, with other sub. 
stances, are distinguished by the names of eklo. 
rides f hromideSy and iodides; just as tlie com. 
pounds of oxygen are called oxides. 

Azotic gas was first noticed by Dr. Ruther- 
ford, in his thesis written in 1782. Schecle pub- 
lidied his analysis of air, and his investigation of 
the properties of azote, in the year 1777 ; and 
Priestley investigated various of its properties. 
But it is to Mr. Cavendish that the science is 
chiefly indebted for every thing accurate that has 
been determined respecting this ^as. He ascer- 
tained the volume of it that exists in common 
air, showed that it is capable of combining with 
oxygen, and that the compound formed is nitric 
acid. It was afterward ascertained that the spe- 
cific gravity of azotic gas is 0.9722, and that of 
ox^^gen gas 1.1111, and that nitric acid is formed 
by the union of one volume of the former gas, 
with two and a half volumes of the latter ; so 
that nitric acid is a compound of 1.75 of azote, 
and five of oxygen by weight. 

Dr. Priestiv investigated the properties of ni- 
trous gas ana protoxide of azote, and pointed out 
the importance of the former in analysing air. — 
Davy subjected them to analysis, and obtained 
pretty near approximations. The subject was af. 
terwards. resumed by Dalton, and reduced to its 
present state of simplicity by Gay-Lussac. These 
gases are compounds of azote and oxygen ; the 
former of 1.75 azote and two oxygen, and the lat- 
ter of 1.75 azote and one ojnrgen. 

Before the rise of scientific chemistiy in Bri- 
tain, the two alkalies, potash and soda, were 
known, but they were not accurately distinguished 
fiom each other till Duhamel published his disser- 
tation on the subject in 1737. Lime had been 
known from the beginning of the world ; but its 
characters were first accurately pointed out by 
Hoffinan. Magnesia had been discovered about 
the beginning of the 18th century ; but chemists 
were not acquainted with its true character, and 
were in the habit of confounding it with lime, 
till its properties, and the salts which it forms, 
were accurately pointed out by Black in 1765. — 
Scheele discovered barytes in 1774, and strontain 
was recognised as a peculiar substance as early as 
1789 ; but its true nature remained uncertain till 
Dr. Hope published his experiments on it in 1791, 
and K&proth his a few months earlier, lithia- 



was discovered by Arfredson in the year 1718. 
These seven bodies were distinguished by the 
names of alkalies and alkaline earths. Their 
properties were graduaUy determined with accii. 
racy, and the striking analogy which they have 
to each other was recognised ; but all the attempts 
made to determine their constituents were long 
unsuccessful. At last Davy, in 1808, demon, 
strated that potash is a compound of oxygen and 
a white veiy combustible metal, to which he gave 
the name of » potassium ; and soda, of sodium and 
oxygen. He was able, soon after, to show that 
lime, barytes, strontain, and magneaa are also 
compounds of metals and oxygen. And when 
lithia came to be known, he showed that it also 
was a compound of the metal Uthium and oxy- 
gen. Thus it was discovered that all the alkalies 
and alkaline earths are metallic oxides. 

Alumina was known to the alchymists, but its 
peculiar nature and properties were first d£ter. 
mined by Margraaff*, in 1754, and a.^jerwaidM 
more accurately by Scheele and Bergmann.-^ 
Olucina was discovered in 1798, by Yauquelin, as a 
constituent of the beryl and emerald ; and yttria, 
in 1796, by Gadolin of Abo. Cerium was made 
known in 1 804, by Klaproth, under the name of 
ockroita, and a little after it was more accurately 
examined by Berzelius and Hisinger, who gave 
it the name of cerium, Zirconia was discovered 
in the zircon, in 1789, by Klaproth, and after- 
wards in the hyacinth ; and thorina was discov- 
ered by Berzdius in 1828. « 

The analogy between these five bodies, and the 
alkaline earths, was so strong, that as soon as 
the nature of the latter was ascertained, chemists, 
in general, inferred that the former also were me- 
tallic oxides ; but several years elapsed before this 
opinion was verified by experiment At last, a 
few years ago, (Erstedt discovered that if alumx. 
na be intimately mixed with dry charcoal, heated 
in a tube, and a current of dij chlorine gas be 
made to pass over it, decomposition takes place, 
and a pale greenish yellow substance sublimes, 
which is a chloride of aluminum. Wohler found 
that when this chloride is heated with potassium 
it undergoes decomposition, the chlorine uniting 
with the potassium, and the aluminum being set 
at libertjr. The aluminum, or base of alumina, 
thus obtained, is a white metal in grains, requir- 
ing a very high heat to fuse it ; probably maUea. 
ble and permanent in the fiir, or under water. — 
When heated in air or oxygen gas it takes fire, 
bums, and is converted into alumina, by uniting 
with oxygen. 

Glucma was decomposed, and its basis gluci. 
num obtained by the very same process. The 
same remark applies to yttria. Glucinum and 
jrttrium have a strong resemblance to aluminum. 
Cerimn was first obtained in the metallic state by 
Lauffier, iii 1814, and zirconium by BerzeUus,in 
1824. This last substance wants the metallic 
lustre, and has a much stronger resemblance to 
charcoal than to a metal. Thorina was reduced 
precisely in the same way as alumina. Thorium 
has also a striking resemblance to aluminum in 
its properties. 

Thus it has been ascertained that all the fixed 
alkalies, the alkaline earths, and the earths pro. 
per, amounting altogether to thirteen, are metal, 
lie oxides. 
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The remaining simple bodieshavebeen divided 
into two sets ; namely, acidifiable bases and alka- 
lifiable bases. The acidifiable bases are eighteen 
in number, Of these there are two, charcoal 
and sulphur, which were known to the ancients. 
All the rest have been discovered by the research. 
es of chemists or chemical physicians. The his- 
tory of the discovery of hydrogen and azote has 
been already given. 

Borax seems to have been known to Geber in 
the eighth century. It is found in Thibet and 
China, and is much used in India as a vehicle for 
the solution of varnishes, &c. Boracic acid was 
extracted from it, in 1702, by Romberg, and in 
1752 Baron showed that borax is a compound of 
boracic acid and soda. In 1808, Gay.Lussac and 
Thenard, by heating boracic acid and potassium, 
decomposed it, and obtained its basis, to which 
the name of baron has been given. It is a black 
powder like charcoal, possessing peculiar proper- 
ties ; burning when heated in contact with air or 
oxygen gas, and being converted into boracic 
aeid. 

Silica is one of the most abundant substances 
in nature, and under the name of rock crystal 
was known to the Greeks. But its chemical pro- 
perties were first accurately investigated by Berg- 
mann and Scheele. Berzelius, in 1824, succeed- 
ed in showing it to be a compound of oxygen, 
and a black substance called silicon, very similar 
in many of its properties to charcoal, though 
quite different in others. For example, it does 
not bum when heated in air or oxygen gas ; but 
it bums when heated with carbonate of potash. 

Phosphorus was accidentally discovered by 
Brandt, in 1669 ; selenium by Berzelius, in 1818 ; 
tellurium was pointed out, with some hesitation, 
by Muller ofileichenstein, in 1782 ; and its cha- 
racters finally determined by Klaproth, in 1798. 

The white oxide of arsenic was known to the 
Arabians ; but we do not know who first attend- 
ed to its metallic basis^ — though as this basis is 
found in the earth in the met^c state, it could 
not have escaped altogether the attention of mi- 
ners and met^dlurgists. Paracelsus seems to al. 
lude to it ; and Schroeder, in his Pharmacopceia, 
published in 1649, gives us a process for obtain- 
ing it. Its characters were first determined by 
Brandt, in the year 1733. 

The ancients were acquainted with the oxide 
and sulphuret of antimony, btut not with the 
metal. When the metal became known, we do 
not know, but Basil Valentine was acquainted 
with it in the 15th century. 

Chromium was discovered by Vauquelin, in 
1797 ; uranium by Klaproth, in 1789 ; vanadium 
by Sefstrom, in 1830 ; molybdenum by Scheele 
and Hjelm, in 1778 and 1782 ; tungsten by 
Scheele and D'Elhuyarts, in 1781 ; columbium 
by Hatchett, in 1801 ; and titanium by Gregor, 
in 1791. 

The alkalifiable bases are thirty-one in number. 
We have already given the history of the discov- 
ery of the first thiiteen of these, constituting the 
bases of the fixed alkalies, alkaline earths and 
earths proper. The ancients were acquainted with 
iron, lead, tin, copper, mercury, silver, an^ gold. 
Manganese was discovered by Scheele in 1774, 
and reduced to the metallic state W Gahn soon 
after; nickri was examined by Cronstedt, in 



1751 ; cobalt by Brandt, in 1733. Zinc appears 
to have been known in China and the East for 
many ages ; but it was never smelted in Europe 
till Hei&el pointed out a process, in 1721. Cad- 
mium was discovered by Stromeyer, in 1817. — 
Bismuth occurs .poaliv^ in some of the German 
mines; and weis,-of'conBequencet known al soon 
as these mines were worked. Agiicola mentions 
it in his Bermannua, published in 1529; but 
Beccher, Pott, and Geofiroy Junior were the first 
chemists who investigated its properties. 

Platinum was known to the Spaniards soon 
after the colonization of South America ; but its 
chemical properties were first investigated by 
Scheffer, in 175^, and still more completely by 
Lewis, in 1754. Palladium and rhodium were 
discovered by Dr. WoUaston in 1803 and 1804; 
and iridium and osmium by Mr. Smithson Ten- 
nant about the same' time. 

The acids at preseiit known to chemists amount 
to 126. It would be too tedious a task to enu- 
merate them all, and to point out the persons by 
whom they were discovered. We may, howev- 
er, state that Scheele did more to improve this 
important branch of chemistry than any other in- 
dividual. He made known, and described no 
fewer than eleven new acids; namely, fluoric, 
molybdic, tun^stic, arsenic, lactic, gallic, tartar, 
ic, oxalic, citnc, malic, and saclactic. It was he 
also that first isolated the prussic acid, and com- 
menced that interesting branch of chemistry, 
which was brought to perfection by Gay-Lussac, 
when he discovered and determined the nature of 
cyanogen, and the compounds which it forms. 

To Mr. Dalton we are indebted for a branch 
of chemistry which promises fair to reduce the 
science to the same accurate stete which distin. 
guiehes astronomy, by the application of rigid 
calculation. It had been observed before, that 
bodies unite in definite proportions. He showed 
that these proporticms might be stated in num- 
bers ; and concluded that bodies unite atom to 
atom, and that these numbers denote the relative 
proportions of the weights of these atoms. Ber. 
zelius first endeavored to obtain accurate atomic 
numbers by means of analysis. The result has 
been a great improvement in thb accuracy of 
analysis, and much more correct notions respect- 
ing the nature and properties of chemical sub- 
stances than were formerly entertained. This 
branch of the science is advancing apace. The' 
number of salts which have been formed, and ex- 
amined with more or less accuracy, amount to 
about 2200, and their number is increasing daily. 

The application of chemistry to the vegeteble 
and animal kingdoms, the interesting facts laid 
open respecting vegetable substances and vegeta. 
tion, and the light thrown upon some of the most 
important functions of living animals, constitute, 
if possible, a still more interesting branch of the 
science than those upon which we have already 
touched ; and that its future progress will devel- 
op many new facts still more important than 
those already known, cannot be doubted. But 
in a dissertation like the present,|tdiich is so much 
limited in point of extent, it would be impossible 
to give historical details of even the most impor- 
tant branches of a science, much more extensive 
than any other to which mankind have devoted 
their attention^ and which is daily extending it- 
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self still farther, by entering upon important 
fields of investigation not yet traversed. 

Here, then, we shall conclude this historical 
sketch. We have found it necessary, from the 
limited qiace allowed us, to omit much. Yet the 
view wluch we have given, imperfect as it is, 
shows sufficiently the splendid improvements 



made in the science by the modenuii and the im. 
mense blanks still left for posterity to fill up. — 
Astronomy alone has advanced to a state ap- 
proaching to perfection ; but chemistry, already 
one of the most important of the sciences, and 
destined ultimately to become much more so, is 
I still almost in a state of in&ncy. 
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LECTURES ON ASTROIOMY. 



BY DIONYSIUS LARDNER. LL. D. 



ADVERTISEMENT TO THE FIRST EDITION. 



Dk. "LxMrniKt^ Course of Scientific Ijf^fnxn in the city of New York, was delivered at Niblo's Saloon in December, 1841, 
to large and highly intelligent audiences, vtho manifested profound gratification at the ability wiUi which his suhject* were 
treated and the cleainess with which they 'vrre elucidated. It consisted of Eight Double Lectures of two hours each, in which 
the nature and relations of the Sun, the Comrts, the Fixed Stars ; Electricity *, the character and properties of Light 
and Sound, with the structure of the orgaiusra adapted to their perception ; a comiMurison of British and American Steam 
Natioation, &c. &c. were thoroughly elucidated. These Lectures were regularly reported for "The New York Tribune" by 
H. J. Raymond, Esq. Assistant Editor of that paper, with a fidelity and ability which elicited the warm commendations of the 
Lecturer, as well as of the Public. From that paper they are reprinted, with corrections, in the Pamphlet herewith submitted, 
as a humble but not entirely valueless contribution to the cause of Popular Science. 



J ADVEBTfSEMENT TO THE THIRD EDITION. 

Two large Editions of these Popular iiecrnres having been exhaosted, the Publishers hereby issue a Third, with corr«ction» 
and an additional Essay of great value and interest, upon the " Progress of Physical ScieDce," by Professor Thomas Thomson, 
a gentleman of eminent and extensive eradi//An. In this improved form they trust the work will prove still more worthy of tha 
very liberal patronage which it has heretofoK«t received from the hands of an intelligent and enlightened Public. 



LECTURE I. 

ELECTRICITY. 



Ladies and Gentlemen: — ^Tb<^ manner in 
which I propose to bring to your attention the 
subject chosen for these Lectures is that which 
I have uniformly adopted in the whole course of 
my pubUc teaching. There is nothing which in 
itself is more interesting than the habit of .follow- 
ing the steps by which discoverers themselves 
have produced their great results ; and there is 
no way in which scientific knowledge may be 
rendered more interesting than that by which it 
was originally ac<[uired. I shall, in bringing be- 
fore you the magnificent discoveries which have 
been made almost in our own time, follow the 
course the discoverers themselves have taken. 
But, in order to conduct this inquiry with profit 
and interest, it is necessary to put you in pos- 
session of the chief natural laws which the inves- 
tigations of the last hundred years have developed. 
It may be ^ona in a brief compass, though, truth ! 
to say, they were acquired only by a vast, and to 
us most surpris'mg, deal of labor. 

Elaborate and careful investigation has brought 
to light certain physical fa.cts of an extraordinary 
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nature concerning Electricity. It has been found 
that all bodies in their natural state — ^that state in 
which we commonly see them — ^are pervaded 
through their inmost dimensions by two ex- 
tremely subtle fluids called by the common name 
of Electricity, but differing in certain respects. 
Philosophers generally agree to call them positive 
and negative electricities. Now these two ex.^ 
tremely attenuated fluids, so attenuated that no 
means have ever yet been able to detect in them 
the quality of gravitation, pervade all substances. 
AVhen bodies arc in their natural state, these two 
fluids are contained in equal proportions; any 
body — a table, chair, &^c, — contains an equal 
quantity of the positive and negative electrici. 
ties. These two fluids have a property of mutual 
attraction — each molecule, or particle of the one, 
coalescing with each particle of the other, so as 
to satisfy their reciprocal forces, the compound 
being found to produce no effect. A body con- 
taining an equal quantity of these is in a state of 
electrical repose. But if any external cause dis- 
turbs this e(|uilibrium, breaks the union of thesQ 
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two fluids and squuratoe the one fiom the other, 
then their mutual attractive force ia no longer 
satisfied, and the fluid becomes an active agent, 
the body thus disturbed possessing the one and 
not the other. The body is, in common language, 
then said to be electrified. I have thus briefly 
ffiven you the ultimate conclusions which have 
been reached c<mc6n;iing this agent, and you can 
put yourselves in the sitiuition of philosophers with 
regard to it, since you possess all the knowledge 
concerning it that has yet been unfolded. 

There are various wajrs in which a, body may 
be electrified — ^in which the natural combmation 
of tiie fluids may be destroyed. One of the most 
common is by attrition. If two substances, as 
two leaves of paper, or elasa and silk, be rubbed 
together, the process caUs into action a certain 
cause which decomposes the combination of the 
two fluids. The positive withdraws from the ne- 
gative, which is attached to the handkerchief, 
while the positive adheres to the glass. The die- 
turbance msures a separation, and neither fluid 
remains in its natural state. Granting this fact, 
^ou ma^ ask why is this efifect produced ? What 
IS there in the character or nature of silk or glass 
which should cause this result ? To this I can 
rally say, that you know as much about it as the 
most profound philosopher. Nothing more than 
the naked fact is known ; and no principle of 
science has been discovered which will explain 
it. The only di^rence between philosophers 
and yourselves is, that they may know a greater 
number of cases : but they have no more general 
or positive knowledge. 

Thus we have as a starting point these faots^ 
that there are two fluids of so attenuated, so vda- 
tile, so qiiritual a character, that they have no 
weiffht, nor can they be perceived in any way 
but by their efiects. It is necessary next to fix 
in your mind that these two fluids, uke light and 
heat, have a greater &cility of moving over cer- 
tain bodies than over others: for example, the 
metals transmit heat freely, while glass conducts 
it not at all. One of the first things to be known 
is the class of substances most capable of conduct, 
ing Electricity, and that class which does not do 
it at all, or at least but imperfectly. The bodies 
along which it moves with most facility are the 
meteds — all of them, without exception. If you 
put an electrified body at one end of a metallic 
rod, the fluid will rush to the other with infinite 
rapidity, and will be stopped in its career only by 
meeting some non-conductor. The bodies which 
refuse to conduct the fluid can hardly be desig. 
nated by any general appellation ; but-it may be 
said that fibrous bodies, — such as wool, feathers, 
&c, are non-conductors. The fibres of wood are 
bad conductors, while wood itself may be a good 
one ; but in this case the fluid is carried along by 
the moisture of its pores. Liquids, although con- 
ductors, are not very good ones — ^not equal, by any 
means, to the metalq. To this distinction of bodies 
into conductors and non-conductors I shaill have 
occasion fi'equently to refer, and it may be neces- 
sary to say that no bodies are absolute and perfect 
in this re^ct. The conducting power is to Elec- 
tricity what transparency is to ught. Glass is a 
conductor of light, although imperfect, while wood 
is a non-conductor. 

I hare mentioned, then, two main facts : that 



all bodies naturally have two electric fluids in a 
state of combination, and that being electrified 
consists in disturbing this equililxium ; and that 
there are two classes of bodies, one capable of 
conducting this fluid, and the other not. The 
third point I must notice before proceeding to 
trace the p ro g ress of discoveries in Electricity, is 
this : I have stated that attrition decomposes the 
combined electricities. The same effect may be 
produced by a change of temperature, and in va- 
rious other wajni, but by one in p'Uticular, which 
merits notice. If a body in its natural state- 
say a lump of mietal — be brought near an dectri- 
fied body, the proximity of the latter will deoom. 
pose the electricities of the former. Suppose the 
body be electrified positively ; the attraction of the 
positive electricity will draw the negative of the 
body in its natural state toward the nearest ade 
itself, and repel the positive to the opposite ex- 
tremity. By this attraction of one and repuUdon 
of the other, the electricities of the bodies are de. 
composed. This I can only notice briefly now ; it 
will be seen more clearly m unfolding the progress 
of discovery. These are the main points to be 
impressed upon your minds at the outset. 

The subject of Electricity is one, the merit of 
whose discovery belongs almost exclusivdy to 
modem times. It is a lesson — a moral leqion of 
great importance, deduced firom the progress of 
knowledge, to observe the manner in which Na. 
ture prompts to discoveiy, and notice the edowness 
of man in following out her suggestions. There 
is scarcely a discoveiy of modem times of which 
the sure promptings of Nature cannot be traced 
for many, many an age backward ; and we may 
thus learn how truth, which appears in the end so 
clear and beautiful, lies for a long while buried and 
concealed. 

At an early period in the history of physical 
science, the property possessed by Amher had been 
observed. Amber was a substance remarked by 
the ancients firom this circumstance : — ^that, when 
rubbed, it had the power of attracting light sub- 
stances. This mysterious power app^red to them 
so similar to life, that they were accustomed to say 
that amber had a souL This was the extent to 
which the knowledge of this principle had been 
carriod until an early period in the Christian era, 
when we find indications of a slight advance. In 
Cassar's Commentaries we find mention made of 
Roman sentinels who had seen, in southern lati. 
tudes, flames upon the points of their lances. 
Whether this is to be regarded as a fact in the 
history of Electricity may well be doubted. We 
now know, what was not then suspected, that this 
phenomenon arose from a principle similar to that 
observed in amber. Seamen had for a long while 
been acquainted with the singular appearance of 
flames upon the tops of masts — known by the 
namQs of Castor and Pollux ; but they were not 
possessed of the fact known to us that these* were 
but exhibitions of the electric influence. These 
facts appear to be but the cropping out of Sci- 
ence-^forcing her way up through the sur&ce, 
and intruding her precious ores upon the notice 
of man. We next find it on record that a certain 
Gothic chieftain, on drawing ofT his clothes, per- 
ceived his flesh to be on &e. We know now 
that the attrition of cloths upon natural bodi^ 
developes dectrical light. 
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These alight facts may be passed over as mere 
indications which mi^ht have afforded traces for 
discoveries in Electricity, but which were utterly 
Imheeded. It was not till about a hundred years 
ago that facts so accumulated upon the attention 
as to acquire a certain general character and lead 
to the principles of Electricity. Tlie ezperi- 
ments of two mdividuals in England — Gray and 
Wheeler — afforded the first scientific informa- 
tion possessed coneeming this mysterious fluid. 
The first great law which they established was 
the divinon of bodies into conductors and non. 
conductors. Up to their time the main facts 
known were, that if certain substances be rubbed 
with cloths they became electrified and would 
attract feathers, and show other indications of 
electricity. Gray and Wheeler, in repeating and 
observing their experiments, happ^ied on one oc- 
casion to thrust a piece of cork into the mouth of 
the glass tube they were using ; on applying the 
li^ht substances, th^ observed with, infinite sur- 
prise that they were attracted by the cork which 
had not been rubbed, as well as by the glass 
which had. With the spirit of philosophers 
they determined to carry the matter farther, and 
ascertain whether a longer cork would exhibit 
the saine property ; they tried it, and found that 
it did. Tney then attached a deal rod, two or 
three feet in length, to the cork, and on rubbing 
the glass, they found that the rod shared in the 
electrical power. They at once concluded that 
here was at work some influence before unno- 
ticed, and determined to pursue the experiment 
until they should reach a more general law. 

They procured a hempen cord as a substitute 
for a deal rod, fastened it to the end of the tube, 
and suroended at Us other extremity an ivory 
ball. Now, said they, if the fluid flies along the 
rod, it may along the cord ; and, upon holding ! 
light substances to the ivory ball, truly enough it 
attracted them just as the rod had done. This 
was a most important step. It was clear the 
fluid passed along the cord, and they resolved to 
cfittry theur experiment still further. They ac- 
cordingly retired to a country-house, owned by 
Webster, and some miles from London, where 
they could have more local convenience for their 
investigations, and proceeded thus : Not finding 
a sufficient bight from which to suspend their 
cord, they had recourse to this expedient — which 
afibrds another forcible illustration of the impor- 
tant part accident oftoi plays in this discovery of 
truth. 

We shall, 'indeed, find, if we watch the pro- 
gress fof physical Science, that a large propor- 
tion of her immortal principles have owed their 
discovery soleljT to accid^, and thus shall we 
find it with this great principle of conduction. 
Gray and .Wheeler suspended their hempen cord ; 
but as they wished to make it longer than any 
hight they possessed would allow, they carried it 
along under a long gallery, supporting it by silken 
threads — ^which ihej chose merely because they 
were fine and strong, and likely to prevent the 
fluid from escaping by their tenuity. At the 
other end of the hempen cord they suspended the 
ball of metal ; and on rubbing the glass and pre- 
senting li^ht substances to the ball, they found 
that they jumped up to it, as you all know would 
be the case. They were, of ooune, highly pleased 



with the result, and proceeded Ip cany the exp^ 
ment still farther. 

They procured a much longer cord ; but now 
their silk cords would not support it, as its weight 
was too gr^t. *Let us then,* said Wheeler, 

* take fine wire, which will be stronger and finer, 
and therefore less likely to carry off our fluid thi^n 
the silk.' Wire they accordingly did take, and 
on rubbing the glass, and applying light bodies to 
the ball, found, to their great surprise, that there 
was not the slightest symptom of attraction. Their 
first suspicion was that the cord was too long, and 
accordingly they restored it to its primitive length, 
still keepm^ their wires as supporters ; but even 
then no signs of electricity could be elicited. 

* What is the reason of this'?* said they ; * when 
we suspend our cord by silk, the experiment sue 
ceeds ; but when we use wire, we lose all our 
elestricity. There must be some remarkable dif. 
ference lietween these two substances. They fol- 
lowed this point, and saw plainly enough that the 
electricity escaped along the wire, but would not 
along the silk. The result of this was the grand 
discovery — a discovery of the first order in physics, 
— that the metals are good conductors, while silk, 
and thence all fibrous bodies, will not transmit the 
fluid at all, or but imperfectly. This was the 
first great discovery in electricity, and you see the 
accident from which it arose. 

Soon after the investigations of Gray and 
Wheeler were undertaken, a French phUoeopher 
named Dufaye had taken up the subject, and 
pursued it in a spirit different from theirs. They 
had vast ardor, and multiplied their experiments 
with a singular zeal ; but they had little acute, 
ness, and blundered upon the truths they discov- 
ered. Dufaye*s mind was of a different order ; 
he made a less number of experiments, but tlie 
few he did make led to results of far greater im- 
portance. The first was the capital fact that 
there are two kinds of electricity ; this Dufaye 
clearly showed. If you rub a piece of sealing, 
wax and hold it to a light body, it will attract it ; 
while g]4ss, being rubbed, repels it. Both were 
electrified, and Gray and Wheeler supposed that 
both were electrified in the same way. Dufaye 
believed that the electricities were possessed of 
opposite properties. The body attracted by the 
sealing-wax was repeDed by the glass ; while the 
sealing-wax and the glass attracted each other. 
This was the first grand discovery made by Do- 
faye. 

Gray and Wheeler discovered that somebodies 
were conductors and others non-conductors. As 
an immediate consequence of this, an important 
practical fact ensued. If a body be electrified, 
there is a continual tendency in the fluid to escape, 
and it will be entirely lost if any body standiug 
upon the floor be placed in contact with the elee- 
trified body. Gray and Wheeler saw that this 
put into the hands of the electrician a vast and 
extraordinary power — the power of arresting the 
fluid— and compelling its presence— of keeping it 
under his hands untU he can sulnnit it to the 
closest experiments. This is the power of insul. 
ation. Suppose a metallic ball be highly ^ar^ed, 
and you wish to keep it half an hour, how is it to 
be done ? By the discovery of Gray and Wheeler, 
it must be suspended by a silk thread or placed 
upon glass. Dufaye at once seized upon this 
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and said, * Now we have the means of arresting 
this fluid and of compelling it to submit to the 
severest cross^xamination.' Dufaye reasoned 
farther : we know that if a body be electrified the 
electricity in escaping will make itself visible by 
sparks. Now we know that the bodies of am- 
mals arc capable of being charged with* the fluid. 
If then, said Dufaye, we can manage to charge 
the person of a man and prevent the fluid from 
escaping, we may draw a q>ark fix>m him. With 
this plan in his head, Dufaye went to the Abb6 
NoLLET and disclosed hip belief that the human 
body might be charged. Nollet laughed at him, 
as if the plan could only exist in the head of a' 
crack-brained enthusiast. Du&ye, however, per- 
severed, and they agreed .to try the experiment. 
They went to work clumsily in following out the 
discovery of Gray and Wheeler. * Now,' said 
Dufaye, * I'll suspend my body by silk cords : it 
shall then be electrified, and you may try to ob. 
tain the spark.* It was agreed, and Dufaye was 
dul^ htuiged with silk. Electrical machines not 
having been invented, a glass tube was rubbed, 
and as fast as electricity was evolved it was com- 
municated to the suspended Dufaye. When it 
was thought that the philosopher was sufficiently 
charged, Nollet presented his knuckle to his cheek, 
and behold ! a bright spark passed from one phi- 
losopher to the oSier ! This to us is sufficiently 
amusing, because with us at the present time, it 
is done every day; then, however, it was un- 
known, and on being published, all Europe was 
astonished at the wonderful phenomenon. 

The epoch at which the circumstances of elec- 
tricity were gradually unfolded was from 1730 to 
1740. The process of extorting truth from Na- 
ture is extremely slow ; and in fourteen or fifteen 
years it is surprising to see how little real truth 
was developed. The Royal Society of London 
has always been remarkable for the zeal with 
which it has engaged in the propagation of 
scientific knowledge. The Secretary has usually 
been a man who, without any extraordinary 
powers of mind, has possessed a strong love of in- 
formation and an ardent desire for its diflosion. 
The Secretary, at the time of which I am speak- 
ing, was a Mr. Collinson, a name now almost un. 
known. At this period, also— that is, in 1745— 
Philadelphia possessed Franklin, then unknown 
except at home, laboring as a p>rinter in that city. 
There was then in Phuadelphia a Literary and 
Philosophical Society, either the same as that which 
now exists, or one out of which it sprung. It has 
long been the laudable object of the Royal So- 
ciety of London to call together scientific minds, 
and to promote communication between scientific 
bodies all over the world, and thus to aid in the 
development of truth and of valuable facts in 
science and the arts. When the circumstances I 
have recounted attracted general notice, Collin, 
son sent over to the Philosophical Society of Phila- 
delphia one of the g:lass tubes used in electrical 
experiments, with written instructions as to the 
mode of using it. When it arrived, the few whose 
business allowed them to know or care any thing 
about the subject, which then had scarcely been 
heard of in this country, said to Franklin, * Here 
is a letter from this gentleman, with a glass tube ; 
look, at your leisure, and see what you can make 
of it.* Franklin took it in hand in June, 1747; and 



with that singular ardor of nund, that eztraordi. 
naiy zeal and enthusiasm of character which 
marked the whole life of Franklin, and which 
made with him the taking up of any question and 
the pursuit of it to its extreme limits one and the 
same thing, within a week he had repeated all the 
experiments ever made upon the subject, and placed 
himself in a position to push his inquiries beyond 
the point the same subject had reached in Europe. 

In October he conunenced a correnxmdence 
with Collinson, and between 1747 and 1752 this 
was continued on all convenient occfitsions in a 
series of letters which, like other scientific writings, 
were not appreciated at first, but afterwards were 
highly estimated, and raised Franklin to the hi|^h. 
est rank of philosophers. That extreme sagacity 
that instinct (for I can call it nothing else) which* 
enaUes philosophical minds to ^o on before ex- 
perience and in advance of their age, and to be- 
hold the * shadows of coming events,* enabled 
Franklin to see what distant years alone devebped ; 
and with that simplicity of mind, that unbounded 
ardor and disregard as to who might be deemed 
the discoverer of any mat and important tnitb« 
so it were only made known, he comfflunicated 
to Collinson his belief that electricity and light- 
ning were the same, and proposed to draw the 
fluid from the clouds. The letter was read be. 
fore the Rojral Society at London, and was re- 
ceived by the usually grave philosophers, the 
members of that body, with shouts of laughter ! 
It was suffered to pass by unnoticed ; and no one 
cared to risk his reputation for sanity by even 
mentioning this ludicrous fancy-flight, and Frank- 
lin was in no danger of being antici|Nited in his 
discoveries, or of having its merits claimed by the 
Royal Society. 

Meanwhile Franklin quietly proceeded in his 
investigations. The fint conclusion of his re. 
searches arrived at about theyear 1748, was the 
basis of his famous theory of Electricity — a theory 
which has not stood the test of time, and has in. 
deed almost fallen to the ground, a noble and 
wonderful wreck. The theory deserves notice not 
mainly on its own account, but because of the 
extreme beauty of the reasoning-and experiments 
on which it was based. One of the first ezpeti. 
ments was this : Two persons, A and B, stood 
upon two insulated stools ; in the hands of A was 
placed a j?lass tube, which was electrified by at- 
trition ; D then touched the tube and received a 
portion of the electricity. Consequently B had an 
excess of the fluid — more than was natural — ^while 
A had less. The process was repeated until B 
was surcharged ; while A lost and B received it 
from him. Thiis done, a third person presented 
his knuckle to B and received a spark — ^from B's 
surplus~-of electricity, as was to be expected. 
Another effect was exhibited ; when the knuckle 
was presented to A, who lost his electricity, sparks 
were likewise exhibited. Well, this was explained 
by Franklin thus : in the fijrst case, when I touch 
B I receive electricity from his surplus, and hence 
the spark ; in the second, when I touch A, I com- 
municate to him part of my own received from 
the earth, the common reservoir of electricity. 

Upon this was based his theory, which was 
this : cdl bodies are endowed toith a certain quan- 
tity of electricity ; if they have more than their 
I natural quantity they are electrified jpositively: 
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if Uis negatively. This famous theoiy of a tin. 
gle fluid, oaUra the Franklinian theory, was 
ahnost imiyenally received in England and the 
United States ; bat it never obtained general ac- 
ceptation on the continent of Europe, and the old 
principle of Dufaje, of two fliuds, was still re. 
tained in France and the other continental king, 
doms. The two theories had their advocates for 
a long while, and within my own time, public 
opinion was divided. But when Franklin's theory 
was brought under the severe scrutiny of mathe. 
matics, as it has been within the last 30 years, 
by processes I need mot now explain, it was found 
that there were circumstances for which it would 
not suffice ; but which could easily be explained 
by the theory of two fluids, which are often called 
the vitreow and resinous electricities. I shall 
then take it for granted that the mathematical 
world concur in rejecting Franklin's theory; and 
the theory prevails that there are two fluids of 
opposite properties, the natural state of which is 
in combmation. 

The theory of Franklin, if it has been rejected, 
has been made respectable by its beauty and in- 
genuity ; for it is scarcely possible to mention in 
the history of hypotheses a theory so ingenious 
and elegant. And still greater will be our admi. 
ration when we consider that it was not the pro- 
duct of a scientific mind. Look at the difference 
between Franklin and Newton; the one was 
reared in the most profound mathematical uni. 
versity in the world ; his associates were mathe- 
maticians and philoeophers ; his emulation was 
stimulated by their rivalry, and his mind urged 
to ferther inquiry by their daily converse. Sur. 
rounded by these advantages, it is imfNOssible to" 
say what lights he derived from their influence. 
How difi^ent was it with Franklin! Reared 
here, three thousand miles from all scientific pur. 
suits, to matters of busdness, first as a tallow 
chandler's apprentice, then as a printer, the won. 
der is n9f that he should have formed so beautiful 
a theory, but to me it is almost incomprehensible 
how he could have formed any at all. His was 
one of those original minds, stamped with the 
highest, most far-seeing faculties, and had it been 
east in a university, and subjected to its disci. 
pline, it is hard to say what limits would have 
placed a bar to his discoveries. His theory, now 
demolished, however, is but a small part of his 
valuable contributions to the cause of science. 

In Leydon, the celebrated Professor Muschen. 
BKOKCK, with a friend named Cuneus, and a 
monk, Kleist, pursued their labors together on 
subjects which were attracting so much attention, 
and in the course of their studies they fell upon a 
discovery of remarkable importance, and the cir. 
eumstances attending it were of profound inte. 
rest. The eflect produced by the passage of a 
■park from an electrified body was understood to 
be a pungent, slightly painful sensation. It oc. 
cuned to Muschenbroeck, or one of Uie three, 
what effect would be produced if a stronger in. 
flnence could be obtained ; if a spark produced 
this result, what would be the effect of a power 
ten, twelve or twenty times as great. But the 
question arose how to try the experiment ; with 
philbeophieal acumen they judged that if they 
could contrive to get a good reeipient of the elec 
tii^ty, and manage to insolato it, they vcdffrt 



then accomplish their object But how should 
this be done f One of them said that water was 
a good recipient, and glass will guard it, because 
the fluid cannot pass through ^lass. " Now,** 
said they, *< why not pour water mto a fflass jar, 
and_ impart the electricity to the water? it must 
remain there— the water will be charged, and we 
will get a shock a hundred times as great as usii- 
al." This was all just and philosophical, and 
on this reasoning they proceeded. The jar was 
{Mfftlv filled with water ; Muschenbroeck took it 
mto his hands ; a metallic wire was let down into 
the water, by which the electricity was commu- 
nicated to the fluid. Muschenbroeck, holding 
the jar in one hand after the water was charged, 
touched the metallic wire with the other. 'He 
received a shock from which he said he sufiered 
more than from any pain he ever before expe- 
rienced ; and he declared that for the whole Idm^. 
dom of France he would not repeat the experu 
ment. He was even thrown into convulsions, 
and nothing could ever induce him to try it 
again. 

The astonishment which filled all Europe whefo 
this was published was unqualified. Philoao. 
I phers hardly dared to repeat the experiment, but 
gradually they they became reassured, and M. 
AUamand did repeat it. His sufferings, in con- 
sequence, were quite equal to those of Muschen- 
broeck : he declared that he should lose the uflU 
of his arms; he wa» seized with convulsions and 
a violent bleeding at the nose, and sufiered in va- 
rious other ways. Winckler was the next to try 
the experiment, and he suffered in the same man- 
ner. With a mixture of the curiosi^ of her sex 
and the coura^ of ours, Madame Winkler next 
attempted it, and was seized with the same pains. 
Her curiosity, however, soon got the better of her 
fears, ^md she repeated the trial, with the same 
results. We know now that the cause of these 
sufferings was nothing else than fear and the ima- 
gination. These experiments soon qpread all over 
the civilized world, and soon passed from the 
hands of philosophers to those of charlatans and 
jugrfers. 

Meanwhile the philosophical inquiries were pro- 
ceeding, and it is interesting to note the struggles 
with which Truth comes into the world — ^the 
throes and pains with which the in&nt first geti 
its being. The theory of the Leyden phial waSs 
soon explained to depend upon the presence of 
the two fluids. The inner and outer coats are 
sepsurated by the glass. Suppose the wires con- 
nected with the inner coating to be touched to a 
conductor charged with positive electricity ; the 
positive fluid s^oes to the mner coat and exerts an. 
attraction and repulsion upon the outer coatings 
This is a point of the last importauice, and I 
must ask for it your closest attention. The out. 
side of the jar and the hand in contact with it 
are in their natural state ; the positive electricity 
on the inside drives off the positive contained on 
the outside, through the hand emd person, to the 
earthi, while it attract^ toward itself the negative. 
This is the physical law, for which we can give 
no reason. If you ask why it is so, I can only 
say, that you know as much about it as I do or 
any one else. It is one of those ultimate facts 
which depend upon experience only. The con* 
•efjuenoe pf thi» notion going on ii| that tht ou^ 
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iide coating ii charged with negative and the in^ 
ner with pontive electricity. The class will not 
allow tiiem to combine ; it atands ukc a sentinel 
with fixed bayonet to prevent their onion. If a 
connection be formed m any way, the two fluids 
will rush together. Now, Moscbenbroeck held 
the ontaide in one hand and touched the wire with 
the other. The instant this was done a connec 
tion was formed, and the fluids rushed together 
through his body. All the mighty efiects expe- 
rienced by this shock, it must be remembeied, 
were produced by a iar not larger than a com. 
roon tumbler. Muscnenbroeck never suspected 
that his hand had any thing to do with the effect ; 
he held the jar in his himd merely for conve- 
nience. Now mark the curious slowness with 
which .the truth was developed. 

When the experiment was first known, a cer. 
tain Dr. Bevis, a most acute electrician, less 
known than he deserves to be, gave his attention 
to the circumstances attending it. He observed 
that when the whole of the external surface of the 
jar was wet no efiect was produced. He suspected 
immediately that the hand had something to do 
with the r^ult, and began to oonsider whether 
it did not act as a conductor. He first found a 
person with a larger hand, a^ 'fomd thtf effect 
increased. He then wrapped a sheet of metal 
around the jar, thus virtually enlarging the 
hand ; the efiect was increased in proportion to 
the increased sur&ce. This showed conclusively 
that the hand only acted as a conductor. The 
next question was, what office ^d the water in- 
side perform ? Was it a recipient of the dectri- 
city ? If so, twice as much water should give 
twice as severe a shock — ^which was not the case. 
It was plain then that it performed no other part 
ihan to carry the influence to the inner surface of 
the jar. He then coated this inner surface, and his 
experiment was completely successfUL He then 
went a stq> fa4her and ascertained that the form 
of the glass was unessential ; for metal being laid 
upon each side of a common pane of glass, the 
experiment was as successful in this case as in the 
other. These developments were the work of 
considerable time, and involved the experience of 
the first minds of the day. So difficult was it to 
find this single grain of truth. 

These experiments at Leyden soon reached 
London and were commumcated to Franklin, 
who repeated them and endeavored to explain the 
results by his theory. 

[Dr. Laadner here announced that for lack of 
time he should postpone the conclusion of the 
subject of Electricitt, until the next evening, 
and then, after an intermission of fifteen minutes, 
proceeded to remark as follows, upon] 

THE SUN. 

The subject from Astronomy, Ladies and 
Gentlemen, which I have chosen for this evening's 
Lecture, is The Sun — an object than which there 
is none more familiar, and about which there is 
yet such a lack of correct faiowledge. Tniis igno- 
rance, if I must use an impleasing term, is by no 
means confined to popular assemblies, since it Is 
only ten or twelve years ance the mbst remarka- 
ble circumstance concerning the Sun, and the 
ono which first strikes the attention, has been 



known even by philoeophqrs. You are all ^imil. 
iar with the observations of persons but little 
versed in astronomy, that the Sun is nearer to 
the earth in winter than in summer— a truth ea- 
sily explained by the fact tlfat the earth moves 
in an" oval oxbit, the ' Sun bding in one of the 
two focL The earth passer throu^ that portion 
of its orbit which is netrest* tb| Stin during the 
winter months ; and as the distimce dimixiishes, it 
is clear that the Sim i% a ' given ' tilne 'imparts 
more heat in winter thai! in summer. * The re- 
verse will evidently be the case inlhe other hem. 
isphere. This subject was ftot investigated thw- 
oughly until about ten years since. Poisson, a 
Frendi philosopher, doady sifted the question,' 
and has diown that the heat does not vary merely 
with the change of distance, and that there is no 
more heat imparted in winter than in summer.— 
This &ct remained unexplained until 1830, so 
that we may see that whatever reproach attaches 
to ignorance on this subject, philosophers are by- 
no means free from it. Poisson said — ^true the 
earth is nearer the Sun firom autumn udtil 
spring than firom spring till autumn; therefcx^ 
in a given time the Sun will impart more hea#^ 
during the former than the laster space. But it 
must be borne in mind that the earth takes » 
shorter time in passing around its winter than 
its summer circuit; and although the heat per 
diem, is greater when the earth is nearest than 
when most distant from the Sun, stfll the number 
of days is less ; the quantity given during cme 
segment will be greater than dnrins' the other,- 
because the number of days oceupiea in passing 
is greater. 

Poisson, by an ingemous mathematical analy. 
sis, showed that these two influences compensate 
each other ; that the increase of heat caused by 
the diminution of distance is corrected by the ac 
oeleration in motion. Thus time and space mu^ 
tually compensate each other ; and it is a mistaken 
notion that more heat is imparted to the earth in 
winter than in summer ; the amount being Just 
the same. 

Now the real source of greater heat^ during tiie 
summer arises, not fnm. any ehange in the dis- 
tance, but from this : that the rays fell more per- 
pendicularly upon the sur&oe at one season than , 
at the other. If the rays of light be supposed to 
fall upon a hard board placed obliqudy to them* 
the surface will receive only a portion of the rays ; 
while if it be placed in a direction perpendicular 
to that of the rays, it will receive the whole. The 
same holds true of heat ; and carrying it out whh 
respect to the earth, we see that during the sum« 
mer Uie north pole leans toward the Sui^ and iaa ' 
beams fall nearly perpendicular upon the sttr- 
face ; in winter the pole is turned away, and th^ 
rays fall obli<]^uely. 

This principle explains why there is more heat 
in summer than in winter. There is oner other 
point of some interest in a popular explanation of 
this subject. You would naturally suppose, from 
what I have said, that the day when the Sun's 
rays fall in a direction exactly perpendicular upon 
the earth must of necessity be .the hottest day'.' 
If perpendicularity and proximity be the 8(3e 
causes of variation in temperature, then the hot. 
test day should be the longest^~the SXst of June. 
But this is not IK> ; the hottest days do not occur 



J 



tMrdnei'* Leeturu. 



51 



until the dog days — consideraUy later than the 
2l8t of June. Thni) then, appears incompatible 
with the principle just state^l. This point re. 
quires explanation, which may easily be given.— * 
The heat o£ the wo^er depends not altogether 
on the obliquity of tiie Sun's rays. The heat on 
a given day Spends 90^ its obhquity ; but if we 
take the eairth from-svori^e one day to sunrise the 
next, wo find thsft during the day the Sun depocu 
its upon the earth, and all objects upon its sur. 
face, a certain amount oif heat, whicb^ during the 
night, is more or less completely dissipated. As 
in midsummi^r the «ights are shorter than the 
days, the loss during the night is not so great as 
the acquisition' during the day ; so that during 
the twenty-four hours there is, on the whole, an 
acquisition of heat. With this acquisition the 
next day commences, during which the same pro- 
cess is gone through with, and another certain 
amount of heat is acquired during the day over 
the loss during the night. The same thing oc 
curs during every day while the nights are shorter 
than the days. We thus may keep a debt and 
credit account between day and night — th^ bai- 
lee being in favor of heat. This would only 
continue while the loss during the night was less 
than the acquisition during the day ; and after 
the nights became longer and the days gradually 
shorter, this would come to pass, that the heat 
lost during the night would just equal that depos- 
ited during the day, and our balance would be 
nothing. Then would occur the hottest day, and 
this takes place during the dog days. The same 
reasoning would evidently apply to the coldest 
of the winter months. The 2l8t of December, 
which is the shortest, is not the coldest day. The 
degree of cold is equal to the excess of the loss of 
heat during the night over the increase during 
the day. The balance is thus in favor of the 
cold. 

We now come to consider the Sun, concerning 
which I shall have many observations to make. 
The physical constitution of the Sun is only known 
by careful observation, and you naturally ask how 
it oan be exanuned, since its splendor is so intense 
as utterly to destroy the unprotected organ of vis- 
ion. There isHothiag more easy than to protect the 
eye by a piece of colotced glasSi With this protec- 
tioa the Sun may be«ubmitted to the closest scruti- 
ny.* The first question which suggests itself is evi- 
dently to get at an estimate of its brightness. If we 
wish to obtain an estimate of its brightness to an ob- 
server at the Sun, we may suppose the whole heav- 
ens to be an immense Sun — ^from the zenith to the 
l)oriz(»iF covered ^itirely with the solar surface. 
Ti^e \ig^^ would then be equal to the light of the 
Si«» to a person placed on its surface, and the pro- 
portion between that light and the Sun's light to 
lis would be the same as the proportion between 
the magnitude of the solar firmament we have just 
supposed and our Sun, which is as 300,000 to 1. 

When we examine the Sun through a telescope, 
we behold epot^ upon its surface, some of which 
are exhibited in this drawing. [A splendid teles- 
copic drawing of the Sun was here exhibited.] — 
These are liSbie to fgreat and rapid variations. 
Sometimes the sun is seen without spots, and at 
others their number is small ; they enlarge and 
^^ifTvipiiih, and seldom last more than sixty orsev- 
enty days, ^d usually not so long. These spots 



are discovered chieflly akmg the horizontal diam. 
eter of the sun, and never mate than thirty de- 
grees above or below it. If they be watched fitom 
day to day, they will be seen to shift their pon. 
tions, disappearmg on one side, and rnippeaiing 
on the other. Thus we know that the son revolves 
on its axis, and its time is knowu to be twenty, 
five and a half of our days. 

A careful examination of these spotB shows 
their variable character. We shall find that they 
diminish in magnitude until, after a time, they en. 
tirely disappear ; others come in their places ; and 
thus they come and go, augmenting and dimhuflh. 
ing with more or less rapimty. ^ we know the 
diameter of the sun, we can easily calculate the 
size of the spots ; audit has been found that many 
of than cover a surface four or ^re times as great 
as the whole surface of the earth. Let me obe^re 
here that these spots are easily seen by ordinary 
telescopes ; all that is necessary to guard the nght 
is to interpose between the eye and eye-glass a 
colored or smoked glass. 

The number of spots to b» seen varies greatly 
at different times, the surface of the sun being 
sometimes largdy covered. The most remaika- 
ble case on record is that which commenced A. 
D. ^dS^when it w recorded that for fourteen 
months the light of the son was greatly lessened, 
so as to cause a perpetual InviH^t, by reason of 
the spots 'on its snrfiBuee. In 626, it is recorded 
that the sun was half covered. In 1779, and 
again in 1795, immense spots of from 60,0f0 to 
70,000 miles acroq^ were discovered. On the 28th 
of August, 1805, a remarkable appearance was 
noticed ; ten spots were seen to coalesce and form 
one enormous black spot on the sun's surface. It 
is found that in disappearing, the edges of the 
spots approach their centre at the rate of about a 
thousand miles a day. 

Now the questions of most interest coimected 
with this subject are, what is the physical consti- 
tution of the sun, and what causes the spots ? 
Several suppositions have been advanced. La. 
PLACE supposed that the surface of the sun is 
covered with volcanoes, and that the solar light is 
nothing but the ffplendor of these volcanic fires 
thrown to the surface, and that the spots are era- 
ters. Sir William Herschell advanced a the- 
ory, the result of more careful study, and based 
more upon facts than speculation, which, more- 
over, is now generally received. Herschell sup- 
posed the sun to be an opaque, non-luminous globe, 
giving of itself ne fight ; that it is surrounded by 
a thick atmosphere of flame which floats upon it 
as the ocean or air upon earth. Jf we suppose 
our atmosphere to be flaming fire surrounding the 
earth, it will represent what Herschell supposed 
the atmosphere of the sun to be. He accountCL for 
the spots by supposing them to be the naked 
ground of tl^ sun, seen through openings or cav- 
ities in the atmosphere, having sides slopmg down- 
wards. Their disappearance, he believed, was 
caused by the flowing in upon them of the fiery 
ocean by which they were surrounded. Accurate 
observation has confirmed these conjectures. 

If we suppose the spots to be hollows and the 

edge a shelving sur&ce, when it comes' to the 

edge of the son, by reason of its ccmvexity, the 

eye is directed along the surface so that the pe* 

1 ni^nbra on the inner edge will, in artistical Ian- 
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euase, he/orethortened. This is &« feet, m may 
g^gS^iUd by observation. Whenitcomwto 
the edge it win disappear. But we ha'e as^ 
n»re*ei0ive proof that these are hoUows. When 
ther come to the edge of the sun thw are seen 
md^ys. of course, as the projection of h^t con- 
S»ds the bottom. They most then duappear, as 
St«t««ay the case. -Ae assertion of HerscheU. 
^ Art they «e cavities, acqmres the charac 

%fiB*n^'^S?"to ««ume. although these 
-^"LSx wS?^ seen through a tdescc^. 
S^SSTare reaUy non-lummous. The eye 
SLTbJcSSr^ If we behold a very lumm- 
^ZML^dnMi it another considerably less 

bnlhant, U» l»"?^ t^t which has been 
SS^fflta iSSie foT'^tur.lbodies to b^b. 

rf " ^rSh^Shts^'Le^^rr^^^^ 

look iHK)n It. Suctt ug™ ^ ^^ 

nak in irreat surreyB , ana i "*7 J^* ^„„. •_ in 

^^^e^'i di«c ; and when so seen it ap. 
^dTfU^nXhJ^' Not that there was any 
5S5 ^r^Llute splendor, but the eye co^. 
^^ui it with the greater splendor of the smi, the 
^IJ^'^e inseSTle to that which before ^ 
cOTJd not behold without pain. This may con- 
^ce ^ that these solar ^Pote. w^J^h apPf?J d^k 
tons, may.inreaHty.be as bright as this oxy- 
hydrogen light. 

LECTURE II. 

ELECTRICITY. 

UwBB ANn Gentlemen: Truth, whether 
contemplated in ito own pure essence and for its 
oSrXVor for the attainment of convemence 
IS^utiUty in the eco^oniy of life, is lUwayB an 
object of respect and admiraUon. But it is 
entiticd to our highest reverence when viewed 
by itself, and separated from all considerations 
of utility. From the moment Franklin first 
ensased in electrical inquiries, notwithstandmg 
the rSpw5t for truth and enthuaasm in its discoy- 
ery which shine through his life and wntmgs, his 
views were constantiy directed to the discovery of 
some useful purpose to which his discovenes might 
be appUed. In one of his letters to Collinson, 
which is quoted in the Boston edition of his works, 
with whose editor, Mr. Jared Sparks, I am proud 
to have formed a recent acquaintance, he express- 
et^ in a playful mood, his extreme chagrm that 
thus far the great principles he had discovered 
were applied to no immediateljr useful purpose- 
One passage of this kind I will lead to you, m 
which he ckscribes a projected party of pleasure to 
the banks of the Schuylkill as the hot season ap. 
proached, whai electrical experiments were ex- 
tremely unpleasant ; " Spirits,^ says he, " are to 
be fired by a spark sent firom one side of the river 
to th» other through the water; we shall eat upon 
^ictiifitd pliittti (t turkey killed by m eUctric 



shock, and roasted bv the electrical jack, by a fire 
kindled by the electric sparks ; and we shaU dnnk 
the health of all the electricians of Europe m elec- 
triHed wine, from electrified glasses, under the dis- 
charge of guns from the e2«c«rical battery." Such 
was the character of the man and his mind— al- 
ways bent upon making his «ngular discoveries 
useful to his fellow men ; and he never could be 
quiet— he never could be perfectly happy until he 
had made these phenomena contnbute to the com- 
fort or the pleasure of those around him. 

In the latter part of 1749, after bestowing much 
care upon the analogies on which his opinions 
were founded, he addressed a letter to Collinson, 
in which he maintained— and not merely conjec- 
tured, as has been asserted— that lightning and 
electricity were one and the same. In proving 
this, for an original, uneducated man— one whose 
mind had not been taucht in the logic of the 
schools which renders toe recsofiing powers so 
acute, he proceeded with astonishing logical rijjor. 
He said that the only way in which two physical 
powers admit of comparison is by their effects.—- 
Now lightning and electricity agree in nearly all 
their general relations ; electricity when it passes 
through the body of an animal in suflaicient quan- 
tity, destroys its life or renders it blind, so does 
lightnmg ; electricity fuses metals, so docs light- 
nmg ; it reverees the polarity of the needle and so 
does lightning ; it fires combustible matenals, and 
so does lightning ; electricity, in fine, passes on ay 
preference upon points of metal, while lightnmg 
was known usually to strike mountains, and high 
trees or spires. In short, he went through a whole 
catalogue of ten or twelve remarkable properties, 
and showed that electricity and lightning wer» 
identical in them aU. He said that no doubt re- 
roamed that the prmciples were the same, and bong 
so, he sawno reason why we might not learn to deal 
with this fiery meteor from the manner m whicli 
we manage electricity. This assertion he threw 
out in a letter to Collinson, but he did not stop 
here ; and the manner m which he proceeded to 
carry out the various modes of rendering the elec- 
tric properties useful, are exceedingly interestmg 
and instructive. . . 

It was before known that electricity was «- 
tracted by points, as the discovery had been made 
by Franklin. Now, said Franklin, if the cloud 
which is charged with lightning be considered as 
charged with electricity, I see no reason why we 
may not erect a pointed body so as to draw the 
fluid from the cloud. He took a pau- of D^al 
scales, and suspended them by alk cords, ^ow 
then, said he, if the scales be electrified, the flmd 
cannot escape, and they may represent a cloud 
charged with Ughtning. He then laid upon the 
table a metal punch which was to repr^ent the 
building— placed in such a position that the scales 
might pass directly above it. Now, said he, the 
same phenomena should be exhibited as m the 
case of an electric cloud. He passed the scales 
over the punch, and as it passed it dightly de- 
scended until within * striking distance,' when a 
spaA passed between tiiem, and the scales rose 
and passed on. Here he had an image of an elec- 
tric cloud passing over a building and discharging 
its lightning. Franklin then vaned his expenment 
so as to illusfrate the'manner in which he propo- 
U 9ed to render his discoveriea ^wrviceaWt to man, 
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He took a pointed needle instead of the blunt 
punch he had before used, and placed it so that 
the scale might pass oyer its point. This done, 
the scale was passed above it, when the scale in. 
stead of discharging its electricity, passed on its 
way, the fluid being stolen off by the pointed 
needle. Thus, said the jMosopher, why may we 
not placb metallic points upon the tops of build, 
ings ? and so he went on to his great discoveries 
in the mann^ so familiar^to you all, and which, 
therefore, it is needless to repeat. He described 
an ordinary lightning rod, and went so far as to 
say that their points should be gilt to prevent their 
oxidation — a remark which would be natural 
enough in a man of science, but which at that 
time, and from such a man, evinced a most won- 
derful sagacity. 

This occurred in 1750, and Franklin immedi- 
ately issued a letter which was circulated in Eng- 
land, France and all over Europe, in which he 
described the method of drawing electricity from 
the clouds. He directed that a sentry box be 
placed upon a high elevation, and that from this 
a pointed rod should ascend into the air. This 
pomt would attract the fluid, a person in the sentry 
box could easily perceive its presence by the usual 
tests, or charge a phial and produce a shock. — 
These were ms directions, and the account con- 
taining them was read before the Royal Society 
of 'London, and is said to have been received with 
peals of laughter as the dream of a visionary en. 
thusiast. The matter thus remained until August 
1753. Franklin had an idea that it was neces. 
saiy to raise the rod to a great elevation, and 
waited a long time for the completion of a high 
spire at Philadelphia. But the notion occurred to 
him after issuing his directions to the philosophers 
of Europe, of trying his experiment in the man. 
net with which you are all acquainted — ^by send, 
ing into the air a kite armed with a metallic point. 
He determined upon this course, and in the early 
part of June, 1752, tried his experiment upon the 
common at Philadelphia, the details of which I 
need not recount, as you are all of you familiar 
with them. 

This, then, was the course which Franklin took 
to prove the identity of lightning and electricity, 
and it is not imtil recently that his claim to the 
discovery has been disputed. But in 1831, M. 
Arago, the Astronomer Royal of France, whom I 
have so often mentioned, and whose acquaintance 
I have the honor of enjoying, published a beauti. 
ful memoir or Eloge of 9ie great electrician 
VoLTA. In this Eloge he took occasion to refer 
to the circumstances of the discovery imputed to 
fVanklin. Franklin's experiment to ascertain the 
identity of lightning and electricity he said was 
useless, for it was sufficiently established by the 
flames which appeared on the spears of the Roman 
soldiers of the Fifth Legion mentioned by Csesar, 
The experiment therefore, he said, was not called 
for, since it gave no knowledge not already pos- 
sessed. Franklin's suggestion of their identity, 
moreover, he said, was a mere conjecture, and 
such as it was, he had been anticipated in it by 
the Abb^ Nollkt, who had made the same sug- 
gestion in a work published in 1749. Thus, ^ 
the view of Arago, Franklin was not only deprive^ 
of the merit of Uie experiment but of the discovery 
tself. This passage in the "Eloge caught my at- 



tention while I wa6 in Philadelphia, and I th6n 
saw the original works which Franklin used and 
which contained his manuscript notes. I sifted 
the whole question, and here are the retnilts. Ilie 
work of the Abb^ Nollet containing this sujrges- 
tion was published at Paris in December, 1749. 
The hint was a mere conjecture affording none of 
those analogies by which Franklin tested and 
established the identity of electricity and light- 
ning. But suppose Nollet's declaration had been 
explicit and his reasons conclusive ; it is scarcelj 
possible that a scientific work published in Pazis 
in December, 1749, should have reached Phila. 
delphia as soon as the date of Franklin's letter to 
Collinson which first announced his discovery. 

Let us now see how stands the experiment. — 
Arago maintains that the credit of this is due not 
to Franklin, but to a French electrician named 
Dalibard, who, Arago sdys, made the experiment 
at Mary-le-ville, near Pans, about a month before 
Franklm had gone through with his. This is aU 
true so far as the mere feet of the experiment's 
having been tried at the time is concerned; but 
let us see the circumstances under which M. Da- 
libard's experiment was made. In 1750 Franklin 
issued a letter in which he requests the attention 
of electricians to the identity of lightning and tiic 
electric fluid. He, describes the apparatus by 
which the question may be settled: directs the 
erection of a sentry-box and metallic rod, and de- 
tails minutely the whole process by which the ex- 
periment may be made. This letter goes to tiie 
Royal Society of London, is printed, translated into 
French, goes to Paris, and has a general circula- 
tion all over Europe. It falls into the hand of 
Dalibard, who himself did not dream of the honor 
which after sixty or seventy years was to be con- 
ferred upon him. He determined to tty the ex- 
periment, and made his preparations in strict ac- 
cordance with the directions of Franklin. He 
was accustomed to spend the most of his time in 
Paris ; and wishing to be in that city he gave his 
experiment into the hands of one Coipfxer, a car* 
penter, to whom he repeated the directions given 
by Franklin. He left the whole in his hands, and 
returned to Paris. While he was there, there 
arose a thimder-storm, during which Coiffier prac- 
ticed the directions laid down, applied his knuckle 
to the butt of the rod, and received a spark. — 
Forcibly struck with this phenomenon, he flew to 
the village to find the cure, as he was a man of 
reputed learning and science. The cure came, 
the experiment was repeated in his presence, and 
he immediately despatched a process verbal with 
a full account of the manner to DaUbard at Paris. 
Dalibard immediately sent it to London, where it 
was published in the Philosophical Transactions 
precisely as it has been related. In this account 
it was mentioned as the experiment of Franklin, 
performed at the expense of Dalibard by the car- 
penter Coiffier, and that it was entirely successful. 
With this plain statement of the facts, you are 
all in a condition to form a judgement, as well as 
I or M. Arago himself can do it, how far the 
merits of the discovery is due to the one or the 
other. 

Another discovery, for which Franklin has not 
^•ceived proper ^redit, is that of the principle of 
induction. Having so much before me upon 
which I am expected to lecture, and haying, per* 
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hMpB flomewhat impnidently, announced a great 
yaiiety of subjecUb it will be necessary for me to 
pass rapidly over the ^und laid out. I can 
therefore only briefly notice the discovery of this 
principle, the nature of which will be evident 
from my remarks. Suppose a brass cylinder be 
suspendiBd by silk threads. At one end suspend, 
by a moist silk card, a silken tassel. The cylin- 
wr and tassel are both in their natural state. — 
FVanklin found that, if he took a ^lass tube, 
which had been electrified, and held it near the 
extremity of the cylinder, the opposite end became 
electrified, without being touched by an electrified 
body. The ftict was Imown by the divergence 
of the threads of the tassel. Franklin explained 
this in fiecord&noe with his own theory of a single 
. fluid thus : he aaid that when the electrified tube 
was brought near the end of the cylinder, it drove 
off its natural electricity to the other end — and 
that the fluid took refuge in the tassel and caused 
its divergence. When the glass tube was with- 
drawn, the fluid rushed back and was again 
spread over the conductor. This is the principle 
of induction ; that the electrical state is produced 
by simply bringing an dectrified body near to one 
in its natural state. Il is true that Franklin's 
mode of explaining this, baaed as it is upon his 
own theory, is not generally received. And here 
let me say, that perhaps I nnoertcd too positively 
last evemng that Franklin's theory of dectricity 
was obsolete : there is a seetion of the philosophi. 
cal world which adheres to the theory of a single 
fluid. But I believe I am correct in saying that 
the mathematical section of the world adopts the 
opposite theory of two fluids from the impossibility 
of explaining by Franklin's all the circumstances 
that occur. Franklin, beyond all doubt, is enti- 
tied to the merit of having discovered the prin. 
ciple of induction— one of the most important in 
the whole history of science— fully equal to that 
of the principle of conductors and non-conductors. 
I must now pass on to another discovery in 
electricity of vast importance. There lived in 
Como, in the Milanese, an individual, at that time 
obscure and unknown, but since most distinguish- 
ed, named VoLTA. This philosopher, so emment, 
directed his attention at an early period to the 
subject of electricity, and especially to atmosphe- 
nc electricity. Franklin had observed that the 
atmosphere, where it was clear and free from 
clouds, was always charged with positive elec- 
tricity, and to this he found no exception. It is 
true that when the air is filled with clouds its 
electricity is sometimes positive and at others 
negative-«depending upon the position and rela- 
tions of the clouds. But when serene and un- 
clouded, it is alwajrs charged with positive elec- 
tricity. The natural inference from this fact is, 
that the earth must be charged negatively ; for 
that electricity which resembles the earth's would 
of course be repelled from its surface ; but we find 
that the positive is not repelled, since it remains 
in the air ; therefore the electricity of the earth 
must be negative. This fact, until the time of 
Volta, remained naked and unexplained. He 
pondered UTon it long and earnestly, and the re- 
sult of his labor was a discovery of vast generality 
and great importance. He concluded from long 
consideration that the positi^« state of the air 
must arise from a process of uoiyersal eyaporution 



continually gmng on iqton the surface of the 
earth. He saw at once what a vast discovery 
he should have made if he could prove that the 
same process which carried moisture into the air, 
again fo "descend in the form of nin and dew, 
was also the agent which gave Inrth to the light- 
ning, the aurora, and the whole class of electrical 
phenomena, which till then had been unaccounted 
for. He felt an intense and instinctive conviction 
of its truth, but for some time saw no way of try- 
ing the experiments, by which it was to be estab- 
lisned. At length he hit upon a method, which 
he carried through with complete success. Tlie 
experiment was this : he procured a shallow metal- 
lic vase containing a quantity of water. The sur- 
face being large, a procesp of evaporation was con- 
tinually going on. He placed this upon an insu- 
lating stool, and attached a metallic chain to one 
ear of the vase. This chain conducted to an 
electroscope. [I may here explain that an elec- 
troscope is an instrument used to detect the pre- 
sence of minute quantities of electricity. It con- 
sists of a rod passmg into a glass jar, at the other 
end of which are two slips of gilt paper, the whole 
being protected from the air by the jar. If the 
slightest possible amount of electricity pass 
through the rod to the leaves, it being of the 
same character in each strip, these will diverge, 
and thus the presence of the fluid may be detect- 
ed.] Now I request your particular attention to 
this beautiful experiment The vase, said Volta, 
represents the earth ; the water in it the liquids 
upon the earth's surface. Now, if evaporation 
be the cause whereby the atmosphere becomes 
changed positively, this I am sure of: that the 
evaporation of the water in the vase, carrying off 
the positive electricity, win leave the negative in 
the metal of the vase. That cannot escape, for 
the vase is insulated ; failing to escape, it will 
pass along the chain to the electroscope, the leaves 
of which will diverge, and thus I can detect its 
presence. Thus the leaves became telLUUe9 — 
indicators of the presence of electricity in the 
vase. Volta made the experiment, and the result 
was just what he had anticipated. As soon as the 
evaparation had proceeded sufficiently, the leaves 
diverged, and on testing its quality he found that 
the electricity was negative. This was a disco- 
very of the first order, and the first which sur- 
rounded the name of Volta with the celebrity 
which was still farther increased by his invention 
of the Voltaic Pile. 

Let me here observe that the most sagacious 
philosophical minds often fall into practical errors ; 
Volta, m fact, was wrong when he said that mere 
evaporation was th^ source of the positive elec- 
tricity of the air. True, the evaporation of the 
water in his experiment produced this effect, and 
it is also true that in a qualified sense, evaporatimi 
is the main instrument in maintaining the posi- 
tively electrical state of the atmosphere. Experi- 
ments conducted by more acute minds than VoL 
ta's have since proved that if the water be perfect- 
ly pure — if it be distilled, and all matter held in 
solution by it be expelled, no electricity will be 
evolved by evaporation. The fact is, that all wa- 
ter on the earth's surface holds in solution various 
salts or earthy matter; and the presence of these 
particles is absolutely necessary to the evolution 
of electricity by evaporation. Volta was right in 



Lardner*s Lectures. 



55 



the mean fact, and his discovery evinces a won. 
der All sagacity, and was of a high ofrder ; and for 
it Volta has received deserved credit 



GALTANISM. 



I il|nr come to notice another branch of this 
snbjecf, in which will be ibmid many phenomena 
of a highly interesting character. M. Arago, 
whose writings are so attractive and deservedly pop. 
nlar, and whose workd cannot be too strongly re. 
commended to all the admirers of delightfnl ease in 
scientific writing, remarks that the grand discov. 
ery of Galvanism can be distinctly traced to the 
fact that a BcAogaeoe lady, having a catarrh, was 
ordered by ho phvsician Jfrog broth as a diet — 
Galvani Ivas noiessor of Anatomy in a Univer. 
sity at Bologna in 1790. Mad. Galvani chanced 
to be afflicted with a cold in the head, for which 
was prescribed a broth prepared from certain por- 
tions of a frog. Her husband had been perform, 
ing some electrical exp^iments, and the members 
of the frog chanced to lie upon the table near his 
apparatus. Mad. Gralvani was astonished to ob. 
serve, as alpiqiil of her husband was performing 
some slight experiment, the limbs of the frog start 
and be convulsed. She called to the fact Sie at 
tention of Galvani, who repeated the experiment, 
and foimd a motion resembling that of life in the 
dissected limbs of the frog. Immediately Galvani, 
who was not an electrician, but a physician, was 
seized with the idea that he had made a grand 
disooverr ; he believed that he had found some 
electrical principle in the animal economy, and 
having once got this idea in his head, he oonsn- 
Ried years of his life in following it out, and en. 
deavoring to make it clear. 

It is a most curious fact that the discoveiy of 
galvanism owes its origin to the ignorance of Gal- 
vani. If he had been well instructed, he would 
at once have seen that the reason of the convul. 
. sive movement in the limbs of the tros was owing 
to nothing^ else than what is called the lateral 
shoeki which is the shock produced bypassing an 
electrified conductor near a body in its natural 
state. When the machine was electrified, a shock 
passed near the nerves of the frog — ^which are the 
most delicate electroscopes — and caused the con- 
vulsive movement that he observed. Had Gal. 
-vani seen this, his inquiries would have stopped 
here, and he would not have fSetllen upon his sub. 
sequent discovery. 

Some time after he had first observed this phe- 
nomenon, he dissected a frog for the purpose of 
repeating the experiment ; and in order to prepare 
the HmlM, he found it necessary to hang them up 
for a short time. He took a copper wire, made a 
hook at each end, and passed one hook through 
the nerves of the frog, and hung the other upon 
the iron of the balcony. To his astoniEdiment the 
nerves soon began to play as if alive. This at 
tracted his attrition, and led ultimately to the dis- 
covery of ^vanism. He accounted for the phe. 
nomenon m this way : He looked upon the metal 
only as a conductor of the electricity of the nerves 
and the muscles of organized bodies. Atthejunc 
tion of the nerves and the muscles he thought the 
•electricity was evolved — ^the one kind pasang 
along the nerves, and the other along the muscles. 
Now, if you take a wire, and attach one end to 
the nerve and the other to the muscle, a commu. 



nication is thus opoied, and the dectiicities may 
be united by passing along the wires; Aence, 
said Galvam, arises Sie convubive motion. TliiB 
mode of accounting for it was for some time in 
fashion, and was generally lecaved by scientific 



men. 



At this time Volta, who performed the experi. 
ment I have already described, had commenced 
his obaerva^onB at the Univernty of Pavia, not &r 
from Sk>k>gna. Hearin? of Galvani's discovery, 
he applied to its connderation higher powen of 
mind than Galvani possessed, and proved that the 
latter's suppoation of the origin of electricity at 
the junction of the nerves and muscles had no 
foundation whatever ; and he proved, moreover, 
that the evolutifm took place in the two metals ; 
that when the iron and cc^per came together, 
electricity was evolved by their mere contact- 
Thus Volta saw nothing wonderful in Galvani's 
experiments, except that a new sort of electricity 
was discovered, and gave a variety of leasons to 
disprove Galvani's elaborate and wonderful con- 
clusions. Volta soon after foHowed up the inquiry, 
and in the year 1800, a year rendered further re- 
markable by the discov^ of the small planets 
Vesto and Ceres, discovered one of the greatest 
instruments of philo«ophical investigation — ^the 
Voltaic Pile. 

He first discovered the fact that by bringing 
togeUier difierent metals, as zinc and copper, elec 
tricity was evolved. He soon saw that by a little 
ingenuity these mstals might be multiplied to any 
extent, and that thus he might obtain a constant 
stream of the electric fluid fo)m sources never be- 
fore suspected. He reasoned in this way: Sup- 
pose I place upon a plate of copper a zpic plate : 
4heir contact will cause a continued stream of 
electricity — the positive passing along the zinc, 
and the negative along the copper. 

Now, if the extremities of these two metals most 
remote from their mutual contact be connected by 
a metallic arc, the positive fluid Will move from the 
zinc to the copper, and the ne^tive from the cop- 
per, toward the zinc, along this arc. And again, 
if I can place upon this pair of plates another 
pair, likewise evolving electricity, and over these 
a third, it is evident that currents of electricity 
will be established at each surface of contact of 
the two metals, the positive current running along 
the zinc, and the . negative along the copper.— 
There will then proceed from the first surface a 
downward negative and an upward positive cur- 
rent : from the second, a downward positive and an 
upward negative, &c ; the downward current being 
negative and the upward poative from the upper 
surface of each copper disc, and the upward neg- 
ative and the downward positive from the lower 
surface of the copper disc. Both the downward 
and the upward currents will then be alternately 
positive and negative. Some expedient must there- 
fore be adopted to render all the currents in the 
same direction of the same kind ; then the cur- 
rent issuing from the bottom of the pile would be 
a negative current as many times greater than the 
one from the single pair as there are surfaces of con- 
tact supplying the currents. Volta selected discs of 
inoist cloth to place between the several pairs, since 
these would prevent the action of all the surfaces 
in which ascending negative and descending pos- 
itive currents could originate, and at the same 
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time aet at a frea oondactor of dectridty. Hia 
apparatus then preiented, fint ooppor, then zmc, 
2en cloth— copper, snc, cloth, and lo on as far 
as he chose to cany it. This he called the V<^ 
taic pile, which afterwards aasomed a new fimn 
in the Voltaic hatteij. 
Volta soon saw the importance of this discove- 

Z, and wrote to Sir Joseph Banks, then Pres. 
nt of the Royal Society of London, describing 
his inyintion ; and so conscious was he of theim- 
portance of it, that he d^d not wait until it was 
completed, hot wrote, before he had finished it, so 
mudi as he had already ascertained. Sir Joseph 
teceived ths first half of the letter eariv in March, 
and the other in Jmie, of the year 1800. It was 
immediately made known* to Sir ANTBomr Cak- 
LI8LB, and to Mr. Nicholson, known as the edi- 
tor of * Nicholeon's Jonmal ; ' and they at once 
constructed a pile in the manner descrilied. The 
first fruits of their ezpenments were the discoyeiy 
of the decomposition of water into oxygen andhy. 
dn)|[en gases. This subject received general at. 
tention in England; and just at this time Sir 
HuMFHRST Davt (then Mr. Davt) was commen- 
ciog those discoveries which have surrotmded his 
name with so much lustre. Some intelligence of 
these experiments fell into his hands, and the re- 
sult was a number of still more important discov- 



Meanwhile the news of Volta*s experiments 
reached Paris and came to the ears of Napoleon, 
whose patronage of science and of all liberal arts 
was as munificent as his military triumphs were 
* iriendid and imposing. The Fust Consul imme. 
mately sent to Italy and invited Volta to visit 
Paris to exhibit his experiments hefore the savant 
of that city, that they might hear from his own 
lipe the mode in which he had pursued the sub. 
Jeet Volta came and spent three or four days in 
laetaring to the French institute upon the details 
of the subject. The efiect produced upon dead 
bodies by galvanic action, now so weU known, 
was there exhibited, and excited universal aston. 
ishment. There has lately been published an ob. 
servation made by Napoleon while witnessing 
these experiments : tummg to Corvisart, his phy. 
aciaii,b^nieiitioiied the sfiking ,m>iogyheiweL 
the phenomena of Galvanism and those of life, 
and went on to show how the vertebral column 
might act as a voltaic pile, and to trace the anal, 
ogy through different parts of the system. This 
occurred in the presence of Chaptal, and was first 
published by Bequerel, to whom Chaptal told it. 
In 1830, Sir John Hxrschell made an obeerva. 
tion in his Fteliminaiy Discourse on Philosophy, 
bearing a striking anioogy to that of Napoleon, 
without any knowledge of the above anecdote. — 
He says — " If the brain be an electric pile, con. 
■tantly in action, it may be oonceived to discharge 
itself at regular intervals along the nerves which 
communicate with the heart, and thus to excite 
the pulsation of that oivan. This idea was fbrci. 
biy suggested by an degant apparatus, the dry 
fnle of De Ltrc, m which the successive accumu. 
lations of electricity are carried off by a suspended 
ball, which is kept in a state of regular pidsation 
§01 any length of time." Another circumstance, 
still more remarkable, is, tbat Dr. A&nott, a 
Scotch philosopher living in London, published a 
work on Physics, in wmch precisely the same 



idea is suggested. It is a curious &et that tbcaa 
three minds should all have £Ulen at the same time 
upon so remarkable a conjecture. 

And now, as I must trespass somewhat laogm 
on your attention in this branch of the I^ctue, I 
will mention one or two of the great ofcoveiiflB 
which Sir H. Davy made in the ooorae of his inl 
vestigations. I have already /rtated that Cariisia 
and Nicholson had discovered that a wire pasf il 
fix>m one end to the other of the pile conveys elec^ 
tricity fi^om each end. This they foUowed out, 
and mund that if the points of two wires connected 
with the two extremities of the pile be immersed 
in water, upon coming together they effect a de- 
oompoaition of the water mto oxygen and hydro, 
gen gases ; the oxygen being attractediiy the poa. 
itive, and the hydrogen by the negative fluid ; and 
then being evuved, they separate and escape.^— 
The first subject which attracted Davy's attentioo 
was this cunous result, which to this hour is on- 
explained, and may be accounted an ultimate fact. 
He determined to try if decomposition could be 
effected in a water contained in separate veaseia 
united by a conducting substance. 

To try this, he placra in one vessel the poaitiye 
wire ana the negative in the other. Between the 
two he placed a third vessel of liquid, and formed 
a coimection between this and each of the other 
vessels by a metal conductor like a syphon. Aa 
soon as the connection was formed, toe decooqpo- 
sition was effiscted — ^the oxygen rising finm the 
negative glass, and the hydn^;en finm the other. 
The question arose, what beciune of the hydrogen 
evolved at the negative pole, for they could exiat 
only in combination? It did not appear, and it 
certainly could not remain in the water. Again, 
what became of the oxygen evolved at the poei- 
tive pole 7 No one caoia tell, xKor can any one to 
this day. It seems an inevitable conclusion, that 
when water is decomposed in one vessel, the oxy. 
gen passes into the liquid and escapes ; or else it 
travels through the conducting body, and thus 
makea its esci^. More wonderful stiU : he found 
that when he took away the middle vessd, and 
placed, instead of it, himself, placing one hand in 
each vessel, one of the two principals must pass 
through his body by some mysterious agency^ — 
Various theories have been devised to explain this 
phenomenonr— by a series of decompositions and 
recompositions ; but none of them are satis&ctoiy ; 
and this naked &ct alone is left resting upon ex- 
perience for its basis — ^that the water is decom. 
posed, and one of its constituents escapes at one 
vessel, and the other at the second. The theories 
of Grotthous and the others who^ have written 
upon this subject are all inconclusive and unsat- 
iitfactoiy. 

[Tlie Lecturer here concluded the first part of 
his Lecture, and passed to the consideration of] 

TRB SUN. 

I was discoursing, at the conclusion of the last 
evening's lecture, upon the circumstances and 
physic^ state of the surface of the Sun. Then 
are some very striking foots connected with this 
subject, which have been but recently unfolded, 
and of which many aro the discoveries of tiyin|g 
philosophers. It was the opinion of the late Sir 
WiLLUM Herschell, (and his supposition had 
many advocates,) that the Sunisanc^wqueglobe, 
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entiiely ooT«red hj a lnminoTui fluid of wbob 
kind ; out wh^er it be an ocean of liquid fire, 
Hke molten iron ; or an ocean of gaaeoiu fluid, as 
of flame ; ot jet again, an incandeecent solid, 
like iron dowmg with white heat, remained whoL 
ly witho£ explanation until ^dthin a yeiy recent 
period. But the qnestion has now been reduced 
to a positiye abstuute demonstration; and the 
process by which done, and the drcumstances at. 
tending it, a^rd a beautiful ezam^e of the mode 
in which the difite«nt sciences nunister to each 
other. 

We see, in this nngulaily degant solution of 
an apparently insoluble problem, three sister sci. 
enees aiding and cherishing each other. In Op. 
tica, a beam of liprht is proved to be susceptible of 
a peculiar modification called polarization. All 
lig'ht is proved to be in either a ^larized or an 
UDpolarized state ; and although it may not be 
eaaj fully to explain what is meant by the pblan- 
zaUon of light, still by the aid of a fanciful illus. 
tration I can give you a notion of it sufficiently 
precise for our present purpose. Suppose this 
wand, which I hold in my hand, to represent a 
ray of light ; it has four sides ; suppose the two 
opposite flides, which are painted Uue, to possess 
a certain property — and tiie other two opposite, 
which are colored red, to possess a property di^. 
ent fiom the first. Tliis wand, then, exactly rep- 
resents a polarized ray of light. If all the sides 
had the same prop^es, then it would represent 
an unpolanzed ray. ' Now light may undergo a 
certain change which shall polarize it — ^Imparting 
to two of its sides, opposite to each other, a cer. 
tain property which the other two do not possess. 
The question arises, what are these properties ? 

They are various ; one, however, is so simple 
and so nearly connected with the demonstration 
to which I call your attention, that I shall men. 
tion it. If a ray of light fall upon a reflecting 
surface with either of those two sides, which are 
represented by the red sides of the wand, it will 
be reflected at an equal anfle to that by which it 
approached the surface. But if it strike the sur. 
ikce upon the other opposite sides — ^the blue— it 
will not be reflected at all. So that two of its &ces 
are capable of reflection, while the other two are 
not. This is one of the qualities by which polar, 
ized light is characterized. In a ray which is not 
polarized, reflection takes place unaer all circum. 
stances ; but with polarized light, only under cer. 
tain conditions. Thus we see that light may esf. 
ist in two distinct states ; the one unpolarized, or 
its ordinary state— and the other polarized, or its 
6xtra(»rdinary state. Now this is the truth which 
has been contributed to this demonstration by the 
discoveries of modem optics. Let us turn to an. 
other branch of physics. 

The science of heat has received more attention 
within a few years past than any other branch of 
physics. Fourier, a French pluloeopher, has done 
much in this department of knowledge. One of 
the conclusions he established is this : There are 
three states in which material bodies exist, viz : 
the solid, liquid, and gaseous. Fourier proved that 
when a oolid body oecomes incandescent, the 
light which it admits is polarized ; that the light 
emitted by an incandescent liquid, as molten iron, 
is likewise polarized ; and that the light of inean. 
descent gases, as flame, is unpolarized. These 



&ctB are true, wfaatevermay be tiie nature of flia 
materials. Here is a distinctioa estabKrfted by 
this great natural phiioaMher between light emit. 
ted by incandescent solids and Squids and that 
emitted by gases. Utis is the oontribation fium 
the science of heat. 

Now M. Arago has, with most beautiful >aga- 
<atv, availed himself of these two &cts, oontiiDQ. 
ted by the sciences of li|^t and heat, to detennina 
the nature of the sun's atmosphere. This may 
easily be done ; finr since it is estaUiahed that tlie 
light firom incandescent solids and liquids is polar, 
ized, all that need be done to detennme this point 
is to try by experiment whether its light be polar, 
ized or not. Arago, by applying the usual tests,* 
found that it is not polaiized : the conclusion, as 
inevitable as it is important, is, that the sur&ce 
of the Sun is covered, not by a solid or a liquid, 
but by an atmosphere of flame. Here is one of 
the most bmutiful inferences drawn fix>m the 
whdie range of physics ; and it is established by 
the aid of science, witii all the certitude of a 
mathematical demonstration. 

ArajE^o proved, therefcnre, that the Sun*s atmoa. 
phere is an ocean of flame. It had long been tap- 
poeed that the Sun was surrounded by an atmos- 
phere of light, and this opinion was mainly 
grounded on the assertion of an eminent French 
observer of the Sun, that its borders wete less lu. 
minous than the centre ; and the inference fix>m 
this was justified by saying that a thicker portion 
of the Sun's atmosphere came between the eye 
and the centre than at the edges. This, howdy, 
er, has been proved by M. Ajago not to be the 
case. There is a certain kind of crystal which 
presents a double image : this he employed in his 
experiment ; and by casting the edge of one im- 
age of the Sun upon the centre of the other, he 
showed clearly that this assertion of the Frendi 
astronomer was unfounded. 

I shall now dismiss the subject of the Sun, al. 
though, did my limits allow, I mi^ht discourse 
volumes upon it, and give you a multitude of facts 
not less interesting man those I have already 
brought forward. So many other subjects, how. 
ever, claim attention that I can proceed no fkr. 
ther with this. 

THE nXKD STARS. 

I now come to notice the Fixed Stars, and all 
that I can do to-night, without infringing on your 
time more than I dare to do, is to explain, as well 
as the mathematical nature of the subject will ad. 
mit, the way in which we determine — ^not the dis- 
tance of the Fixed Stars, for that no powers of in- 
tellect with our present data can do— but the dis. 
tance from the Solar System less than which we 
know the nearest of them cannot be. This is a 
species of inquiry which may be made and in 
which we can say this : that the nearest fixed 
Star is fisurther from our system than a certain 
nameable number of miles. ^ 

Before I proceed to exhibit the mode of making 
this calculation, let me say that there are certain 
methods of proving, with absolute certainty, that 
beyond the limits of the solar system there is a vast, 
immeasurable abyss of space m which there exists 
no material body. For our system, swin^g in 
this boundless void, has been supplied by its Ma- 
ker with feelers of the most delicate sensibility, 
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which reach hi out into the emptj ^ace — ^fieu: be- 
yond the limits of vision and almost of thought — 
examine its whole extent with unerring skill, and 
enable us to say with absolute certainty, that there 
is within that abyss no mass of matter of any per- 
ceptible gravity. These feelers are — the Comets. 
Halle*8 comet, as I have before shown, sweeps 
around the sun in an orbit reaching two hundred 
thousand million miles beyond the most distant 
planet in the solar system, which itself is two thou- 
sand million miles from that system's centre. — 
Halle's comet, then, when it swept past us in its 
orbit round the sun in 1759, and passed close to 
that luminaiy, traversed the distant orbits of Jupi- 
ter and Herschell, issued from the solar system 
and launched into the abyss of space, winging its 
invisible way two hundred thousand million miles 
beyond Herschell's far-off orbit. For seventy-five 
years it traversed the everlasting void ; no eye be. 
held it in its silent journey ; it went on unseen but 
not unknown ; the finger of philosophy was upon 
it, the eye* of the mind beheld it in its wanderings, 
traced its deviations, noted all its doings, and pa. 
tiently waited its reappearance'in 1835 near the 
constellation of the Great Bear — the precise spot 
and date assigned to it by the unemng laws of 
Science. Now, if in that great abyss of two hun. 
dred thousand xnillion miles which yawns between 
the farthest limits of the solar system, and the 
nearest possible material body, there had existed 
any mass of matter, its power of attraction upon 
that comet would have been made known : caus. 
ing it to deviate from its course and lengthening 
or shortening the time of its absence, miat took 
place between 1682 and 1759 ? At that time 
Claibault calculated the goings on of this comet 
in the regions of invisible space and predicted its 
reappearance. He said, * I know that it will ap- 
pear upon that day. Beyond the bounds of Sa. 
turn's orbit there may exist another plmet. If 
there be one there its mfluence will be felt by the 
comet and it will not return at the precise period 
I have named.' That planet did exist — ^its influ- 
ence was exerted, and the comet did not return 
upon the day at first assigned by Clairault. But 
this comet has gone two hundred thousand million 
miles beyond that planet, and yet feels no other 
power. It neither anticipates its time nor lingers 
on its way. This comet, then, of Halle's is a swift- 
winged messenger sent out from the solar sys- 
tem to inquire whether there exists in that vast 
chasm any material substance. It has gox^e on 
its mission and returned, and it tells us there is 
none. Within the measureless universe our solar 
system stands alone ; around about it is a vast 
and empty chasm in which no material body has 
a being. 

Now let us see what are the calculations which 
tell us ^the limits within which the nearest Fixed 
Star cannot be. 

You will all recognize the principle of the fol- 
lowing calculation : if standing in this position I 
behold a distant object, as that chandelier in ike 
distant part of the building, and then take its 
bearing ; then if I change my position and again 
take the bearing of the object — and then measure 
the distance between my two positions, I have all 
the data necessary to calculate the distance of the 
chandelier. I have given all the angles, and one 
nde of the great triangle : the calculation of the 



length of the other sides is extremely sifnple. Now 
I ^gr you ^ consider this : Suppose that 1 am not 
a man capable of changing my position thas : bat 
suppose the intellect I poss^ to reside in the head 
of an animalcule, havmg his home upon a grain 
of dust upon this floor. Suppose the little creatore 
to be reflecting upon that distant chandelier and 
curious to know its distance. This he proceeds 
to calculate : standing upon one side of his ^jain 
of sand he takes the beanng of the brilliant light; 
he travels over his earth — a distance perhaps of a 
thousandth part of an inch — and again attempts 
to take its bearing. He is astonished to behdd 
that it is the same ; the greatest distance he can 
posfiibly travel — the largest base he can get — the 
diameter of his grain of e&nd is so inconceivaUy 
small that he is utterly unable to get any new 
bearing and therefore to obtain any modulus 
whereby to measure the distance of the chanddier. 
Our animulcule is Man — placed upon the Earthy 
the chandelier is the nearest fixed star. On the 
first of January he looks at the star and takes its 
bearing. He says : I know that the earth travels 
around the Sun in an orbit two hundred million 
miles in diameter. I know then, that on the first 
of July — six months from this time — I shall be at 
the vast distance of two hundred millions of 
miles from iny present station. I will wait : and 
when I arrive there, with this vast distance for a 
base, I surely cannot fail to get a beari^ which 
will give me the distance of the star. He waits 
until he arrives at that point — ^makes his observa- 
tion, and what does he find 7 The bearing of the 
star is the same ! The whole diameter of the 
earth's orbit, compared with the distance of the 
nearest star, nothing more than the diameter of 
the grain of dust compared with the distance of 
the chandeher. 

Now mark this : though we cannot detect the 
difference of the star's direction from these two 
widdy separated positions, still we know that it 
does exist ; but it is smaller than our instruments 
can measure. Bat we know how nnall an angle 
our instruments are capable of measuring ; we are 
sure that if the diflerence amounted to 3" it could 
be detected. We have therefore arrived at this 
conclusion : the difference between the bearings 
of the star must be less than 3". Suppose, then, 
that it is just 2" — which we know it cannot be; 
we can then calculate what would be the dis- 
tance of the star. The earth is distant from the 
sun, in round numbers, one hundred million 
miles. If the difl[erence in the besirings of the star, 
taken from the opposite side of the earth's orbit, 
be 2", the distance of the star must be two hun- 
dred thousand times one hundred millions of miles, 
or 20,000,000,000,000 of miles . The nearest fixed 
star, then, we know with absolute certainty, can- 
not be within that distance from the Solar Sys. 
tem. How much farther off it may be we cannot 
tell. Philosophers, as well as others, have ^und 
it difficult to form any adequatef conception of 
these ^rreat distances, and they have been forced 
to devise help for the imagination in the attempt. 
The method usually adopted is this : Light we 
know moves at the rate of 200,000 miles in a 
second of time. According to the above calcu- 
lation, light would require more than three years 
to pass from the nearest star to the earth. 

Until recently no attempt had been made to ar. 



Lardner^s Ltcturts. 



5d 



a=c 



rive at an approximate conception of the ma 
tude of the splendor of the fixed stars. In 1829, 
Dr. WooLLASTON, to whom physical and espe- 
cially astronomical science is so greatly indebted, 
attempted just before his death to form some no- 
tion as to their raze and splendor. The particular 
star he chose for his observation was Sirius, or 
the dog-star — a star of the first magnitude, ex. 
pressly bright, and to be seen near the constella. 
lion Orion. WooUaston made observations to de- 
termine the comparative splendor of this star and 
the sun. There are certain well known methods 
of ascertaining the comparative splendor of two 
lights, by a branclf of science called ihe photometry, 
and the instrument employed is cdXLt^ photometer, 
Woollaston compared tiie light of Sirius with that 
of the sun, aud found it to be 20,000 times less. 
Having established this, and knowing then the 
general principle that, if the sun be removed to 
twice its present distance, his light will be one- 
fourth of what it now is — ^if removed to three 
times its distance, its light will be one-ninth, 
&.C, — ^it is easy to tell how far it ought to be re. 
moved in order that its li^ht should be onctwenty 
thousandth part of what it now is, or that its ap. 
pearance should be the same as that of Sirius. — 
Woollaston calculated that it should be removed 
to one hundred and forty thousand times its pre- 
sent distance from the earth. But it is quite 
certain that Sirius is very much more distant than 
that, and yet it gives as much light as the sun 
^ would in that position. The conclusion then is 
inevitable — ^that this dog-star is vastly larger and 
more splendid than our sun. The inference which 
"Woollaston drew — and he was far fi*om being 
sanguine in his character ; his mind was acute, 
and he was rather skeptical than credulous — ^yet 
his conclusion was that Sirius is equal in size and 
splendor to fourteen of our suns.' Consider then 
wh^t vast views are thus opened for our contem- 
plation. The nearest, and for aught we know, 
smallest of the mass of stars that inhabit the 
universe, is equal in magnitude to fourteen of our 
suns ! How much greater it may be, or how it 
may compare with its thousand companions, no 
one can tell. 



LECTURE III. 

THE ARTS AIDED BY SCIENCE. 

liADiES AND Gentlemen : When we look back 
at the progress of the human race in the arts of 
civilization, we are forcibly struck with the truth 
that the sentence of labor pronounced upon our 
first parents as the condition of acquiring mate- 
rial goods, was by no means confined to the lower 
and animal want^ of man ; but that it has the 
same imperious force as applied to the gratifica- 
tion of his higher intellectual necessities. We see, 
it is true, that Providence has supplied various 
means of advancement to the human race ; but 
these are not thus perfect, as we find them, but 
are rather susceptible of receiving perfection from 
the application, not of mere human endeavors, 
but of those higher powers of intellect — the im- 
age of himself which God has stamped upon the 
mind of man. It is a remarkable fact that when 
we cast our eyes around our world, we find man 
the most helpless and defenceless of nil the ani- 
mal world. Some of the o&er animals are pro- 



vided with coverings of wool, feathers, &c, to 
guard them from the vicisatndes of tempenture ; 
others have talons, claws, horns, or teeth, to serve 
as weapons of attack, and others are swift of foot, 
keen of eye, or quick of scent, to enable them to 
make good their escape from all that would an- 
noy. In man alone, of the whole creation, do 
we find uttgr and total heiplessness. Neither wool 
to protect him fiiom the climate, nor feathers to 
guard him from the air, nor any of those defences 
with which oth^ animals are frnnished, belong 
to him. And yet we find this helpless creature 
king of tiie whole creation. How has he ac- 
quired this vast ascendency over all the animals 
so much more liberally endowed ? By the ample 
power of that noble intellect which distinguiidies 
him from all other created beings on the face of 
the earth. We see in every case where nature 
has imposed the necessity of exertion, it has been 
done just to that degree which provokes the ope- 
rations of their inteUectual power. 

THE MAGNETIC NEEDLE. 

In the early stages of civilization, when traffic 
between different nations was narrow and con- 
fined, navigation was almost entirely coastwise, 
and made principally to countries not fiir removed, 
and inhabited by people of not dissimilar habits. 
This property of the magnet was sooq discovered, 
— ^that when suspended freely it directed itself to 
the poles: and this became an instrument by 
which the early powers of navigation were in- 
creased and the progress of civilization greatly 
aided and advanced. It was soon found, how- 
ever, that this instrument, put by Providence into 
the hands of man, was irregular in its operation, 
and that it could be usefrdly employed only by 
application of the intellect. It became apparent 
that the magnetic needle not only did not direct 
itself strictly to the pole, but that it was not con- 
stant to any fixed point: that it was liable to 
continual variations depending upon its place and 
other circumstances. Still it was seen that it had 
a sufficient direction to be of essential service to 
the navigator; and the irregularity which had 
been observed only stimulated to action the facul- 
ties of the intellect. 

It was found that it did not point due North ; 
and soon after its first adaptation to the purposes 
of the navigator was discovered, it was at first 
supposed that the deviation from the true direc- 
tion was fixed and permanently the same ; and 
it was thought that if the amount of this varia- 
tion could be detected, all that would be necessa- 
ry to its correction would be known. But on 
dransportiug it to different places it came to be ob- 
served that its variation was governed by no 
known fixed law — ^but that it differed contmually 
in different places, and that in using it as a mar- 
iner's guide, only a rough approximation to the 
true direction would be obtained. Natural philo- 
sophers long sought to lay down upon a chart 
these variations of the compass, for every place 
upon the globe, so that the variation for each 
place might be registered and thus for ever known. 
But no such chart was ever made of practical 
service; and resort was finally had to simpler 
rules by which from day to day the exact devia- 
tion of the needle from the true meridian might 
be determined. There are many of these methods 
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in eommon use, and for the sake of lUdatration I 
will point out ooe> 

Suppose that the direetioa of the Needle, in a 
certain caSOi is west of the real north ; the man- 
ner in which the mariner upon the trackless ocean 
Would determine how &r west it might be would 
be this ; Certain rales are supplied him by which 
for every day in the year, he can tell the stm's de. 
dination — ^its distance fiom the celestial equator ; 
his own latitude he can easily calculate. He has 
the means then of telling the point in the horizon 
at which the sun will rise — and can say how 
many degrees it will be on the meridian from the 
pole. Now suppose iht angle of the sun*s direc. 
tion be 70^ while the angle of the direction of the 
Needle from the Sun is &^ ; he knows that the 
Needle varies 5^ from the true north. Thus after 
making the correction he has the true north, 
which will continue the same while the Needle 
returns its variation, which will be more or less 
according to the position of the ship, the lapse of 
time, &c. This is laid down upon his log and 
careAilly preserved, so that his direction may be 
always known. 

^ne Magnetic Needle not only does not always 
preserve a constant direction toward the north, but 
when suspended upon a horizontal axis it will not 
hang in a vertical direction, but will ttoop down- 
wiu3 a certain angle. This fiict was discovered 
eariy and is called the dip, 

THZ LikTrrUDE AND LONGITUDE. 

It was for a while supposed that by observing 
the amount of the dip, the position of a ship at 
sea might be ascertamed, as it was found that in 
no two places is it precisely the same. By lay- 
ing down, then, its amount for every place, or by 
finding the law of its variation, it was supposed 
that we ship's position might be readily deter, 
mined. But this method is only used by naviga. 
tors when the sky is cloudy, when they have not 
instruments for other calculations, or unaer certain 
other seldom recurring circumstances, llie ob. 
servation of the stars is now regarded as the only 
true method for obtaining the position of a ship at 
sec, and to this discovery may be owing to agreat 
extent the present high state of navigation. No. 
thing can be more beautiful than this method of 
determining a ship's position by astronomy ; it is 
moreover easily capable of popular explanation. 

In the first place I will endeavor to show the 
method of finding the distance of a ship at sea 
from the line— in other words, of determining its 
latitude ; and next the way of solving the far more 
difficult problem of its lonntude. Imagine a ship 
upon a meridian of the globe ; suppose the earth's 
equator to be carried on to the heavens ; it will 
then form upon the firmament what is called the 
celestial equator. If a hne be drawn from the 
centre of the earth through the ship, on its sur. 
face, and be produced until it meets the firmament, 
the point of intersection will be zenithal to the 
ship. Now to determine the latitude of the ship, 
one simple observation is sufficient. Suppose the 
s un to be on the ship's meiidian-— or at noon, (and 
the time when this will occur may be easily found 
by observing the point at which its hight above the 
horizon ceases to increase. By an instrument well 
known to mariners the distance of the sunatnoon 



in de^^iees from the zenith may be obtained.) Now 
there is in every almanac a column giving the 
sun's declination— or distance from the celestial 
equator — ^for every day in the year. Adding-, then, 
tms distance to that of the sun from the zenith^ 
already found, we shall obviously have the length 
of the arc finm the ship's zenith to the celestial 
equator. But this arc is concentric with the sur. 
face of the earth ; and by knowing its length we 
know the number of degrees on a meridian be. 
tween the ship and the equator, which is what we 
were seeking for, namely — ^its latitude. 

But this is not sufficient to determine the ship's 
position ; for it may be amy where around the 
globe, so only the same distance from the equator 
be preserved. In order, then, to determine its po. 
sition, its longitude must also be known, by which 
we mean its distance from the meridian of any 
given place on the globe. If we suppose a circle 
of the earth to pass urough the'pole and any given 
place as for iostance New-York, and another 
through the pole and the place whose longitude we 
wish to find, the question really is what is the angle 
made at the pole by these two circles. This is 
theoretically more easily measured than the lati^ 
tude ; for the earth revolving on its axis through a 
circle of 360^ in 24 hours, any place on its surface 
of course passes through 15^ m a single hour. If 
then when it is 12 o'clock at New.York, we know 
that it is 1 at the place whose lons^itude we wish 
to find, we know that there must be a distance of 
15° between the two meridians — or the longitude 
of the place is 15° ; if when it is 12 o'clock at 
New.York, we know that it is 2 o'clock at the 
other given place, we of course know that the 
longitude is 30° &c. Thus if when it is 7 o'clock 
at ^ew-York, we are quite sure that the sun is 
on the meridian of London, we know that the 
earth has moved through seven hours of time at 
the rate of 15° eafch hour ; seven times 15 then 
will give us the longitude of the one place com. 
pared with the other. The difierence of longitude 
then IB always known, when we know what o'clock 
it is at the two places whose longitude we wish to 
determine. If it be one o'clock at Paris when it 
is two at Dublin, we know at once that the di^r. 
ence in longitude is 15° ; if when it is one at Paris 
it be five o'clock at any other place, the di^rence 
of longitude is at once known to be 60°. These 
are astronomical elements taught at school, and 
therefore I take it for granted familiar to you 

We see, then, that this problem, S9 fiunous for 
its difficulty, resolves itself to this : to find what 
o'clock it is at the same moment, both at the place 
whose longitude you wish to determine, and at 
that fix>m which it is to be reckoned. As most 
books refer to London or Greenwich as the meri- 
dian tcom. which the longitude is to be reckoned, I 
shall assume that as the starting point. Now sup- 
pose a ship at sea, far from land > the maiinor 
wishes to determine his longitude, and, in order to 
do it, there are two things to be known — ylst, what 
o'clock it is at his own point, and 2d, what is the 
time at Greenwich. Now, how are these two 
things to be discovered ? It is always easy, hy an 
accurate chronometer, to determine the first point, 
since the time may alwaj^ be ascertained when 
the sun is on the meridian, and these observations 
may be repeated sufficiently often to keep the chip- 
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nometer accurate. If there be no chronometer at stars, the time ia so and so at Greenwicji, and this 
hand, various observations may be resorted to by is calculated and laid down for certain diort inter- 
which the time may be determined ; so that the vals of time. When it is four [o'clock at Green- 



naay 
first of the two things necessary to be known maj 
readily be ascertained. But the ^re^test difficulty ifi 
stiU behind, namely, to determme the time, at the 
same moment, at the meridian at Greenwich. You 
would say at first that nothing is more easy ; for 
if, when the mariner leaves Greenwich, he takes 
with him a good chronometer, properly set, and if 
it be carried with suitable precaution against acci- 
dent and disturbing influences, he may always tell 
the time at Greenwich. So he mignt, if so per- 
feet a chronometer could be obtained, and if it 
neither gained nor lost any time on its passi^. 
There would then be no difficulty in determining 
the time, and in solving the question of the longi- 
tude. But it is found that all chronometers are 
liable to accident, and that they will not go for any 
lireat length of time without varying so much as, 
m such delicate calculatioiis,''seriou8ly to affect the 
result. To remedy this, two or three chronometers 
luive been taken, so that, if one should fail, an- 
other might serve in its stead ; and for a long 
while the British Government ofiered large re- 
wards for the construction of chronometers so per. 
feet as to determine accurately the longitude. But 
it at length became apparent that all such expedi- 
ents however perfect they mi^ht be as works of 
art, were, after all, only expedients, and that the 
best of them was liable to failure. 
At length astronomy bethought themselves i 



wich, the Moon is so many degrees from a certain 
fixed star, &c. When the lonmtude is to be ob- 
tained, the distance of the Afoon iiom sevonl 
conspicuous fixed stars is first measured ; the mar- 
iner then opens his ahnanac and finds that when 
the Moon has nearly the distance which he has 
measured, the time is such and such an hour at 
Greenwich. This once known, the calculation 
of the longitude is extremely simple, as I have al. 
ready stated. In this way the position of a ship 
may be told within five miles. Place a vessel in 
the boundless ocean, fer from land, with nothing 
but the heavens and the sea above and around it, 
and give the mariner a Nautical Almanac, and he 
can readily tell his position within, at tiie utmost, 
five iniles of his true place. Some venture to men- 
ti«n a still greater degree of accuracy; and it is 
true that the latitude may be determined within a 
single mile. But there are difficulties attending 
the solution of the problem of the I<«igitnde whicE 
forbid this extreme accuracy. There is an inter- 
esting anecdote rdatedbyCapt. Hall illustrating 
the great accuracy of scientific calculation. He 
left San Bias, a port on the coast of Mexico, sailed 
south through the Pacific round Cape Horn and 
up through the South Atlantic, having been 
out of sight of land for eighty-nine days, mtend. 
inghisvoyajge for Rio Janeuo. About a week 
before the time when he expected to reach his 
whether li chronometer might not be obtained,! port, he took what sailors call his /unors ; and his 
made by the hands of Him who could not err, of a caiculationt showed that he was withm a very 



mechanism so exact that it should never gain or 
lose, a^lock which never required to be wound up, 
and was not liable to accident. A clock was found, 
on the face of which handB were placed that 
could never err : that clock was the &mament — 
the hands, whose motions on its face only required 
the powers of the intellect to interpret them, are 
the Sun and Moon. All that is necessary is to put 
into the hands of navigatore an instrument which 
diall enable them to determine accurately their 
positions. 

In the common clock there is a dial, upon the. 
lace of which are cut certain fixed marks, called 
hmr marks f which remain permanent and immove- 
able. Over these marks travel the hands and by 
obeerviiig their motions the time is readily known. 
Now suppose that instead of these regular marks 
upon the dial, there were spread other fixed marks, 
1ms regular in their arrangement and less easily 
understood than the marl^ of a cdmmon clock ; 
but whose position may still be understood, and 
fiom which we can say that, if their position be 
this or that, the time will be thus or so. Now, 
upon the face of the firmament the stars are these 
fixed marks, and the Moon is the hand which con- 
tinually (gauges its positions with regard to them. 
The rdative positions' of these stars are perfectly 
known, and every change of place among them of 
the Moon can be marked and distinctiy under, 
stood. This is called the Lunar Method of deter, 
mining the longitude, and at the present day it is 
the one in common use. Mariners are provided 
with a Nautical Almanac, in which are registoed 
the various changes of the Moon's position ; in 
that it is stated that when the Moon is in certain 
potttrai with respect to certain wcU known fixed 



short distance of Bio. As the mmning was fog. 
gy, he stopped his vessel, fearing that he might 
go ashore— and his hands were sent down to 
breakfast. By the time this was over the fog had 
cleared away, and right ahead in his course he 
saw Sugar-Loaf Hill, which bounds the harbor 
of Bio. The effect which such a power as this 
gives to the officers over their crews may readily 
be conjectured. 

THE ELECTEIC TELBOEARI. 

Such are some of the gifts which Science has 
conferred upon Art. I will now mention one or 
two others ; and one of the most recent is that of 
the Electric Telegraph, invented by Wheatstoit, 
and now employed in London. He had devoted 
to the subject of Electricity much time, and its 
first fruit was this discovery. Its object is, by the 
agency of Electricity to communicate between 
two distant places in a very diort niace of time. In 
England, it has already been applied alonff a rail, 
way, for some hundred or more miles. All that is 
necessary is to go to the cHffice at one end and ask 
his question : in about three minutes he receives 
an answer. I chanced myself while engaged in 
railway operations, to witness an operation of this 
kind, and I shall not soon forget my astonishment 
at the result. I was standing near the office of the 
Great Western Railroad, when a passenger got out 
from the train of cars which had just arrived, over 
forty miles from London, went into the office, and 
tola the clerk that he widiedtosend by the return- 
ing train a note to his hotel in London concerning 
a ck>ak and nmfarella he had left there. <* Yes, 
■ir," said the derk, *'wait a moment and I will 
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give yoxk the answer to yonr note.^' He tamed to 
a small apparatus in a comer of the room, and in 
about throe minutes told the man that his cloak 
and umbrella had been taken care of, and would 
be sent by the next train. 

The method of the operation of this invention 
is extremely simple, and is easily rendered intdli- 
gible. I haye already explained the nature of the 
galvanic current which is produced when zinc 
and copper, or other metals, are brought in con- 
tact. The electricity evolved at the surface of 
contact is decomposed, the positive taking one 
direction and the negative the other: hence if 
two wires be provideid and put in contact, the 
one with the positive and the other with the neg. 
ative fluid, these two currents will flow along 
them for any distance — even around the globe. — 
Now I explained to you at the last evening that 
if a magnetic needle be placed over the wire, 
along which this galvanic «urrent flows, it will 
immediately be turned at right angles to tlie wire, 
no matter what was its former durection. Now 
suppose a wire be enclosed in glass tubes, or sur- 
rounded by some other non-conductinfir substance, 
and passed the whole distance from Ii^w-York to 
New Orleans ; a needle placed above the wire at 
New Orleans will instantly turn at right angles 
to it upon sending along it the electric current. — I 
This would be the case with any number of wires. ' 
Thus we have a method of communicating in- ' 
stantlv between distant places. The next thing 
is to devise some means of rendering the commu- 
nication intelligible. A variety of signals have 
been employed for this purpose. In Wfaeatston's 
telegraph the letters of the alphabet were em- 
ployed, and the mode of conducting the conmiu- 
nication was this : at each end of the route was 
provided a lozenge marked off into parallelograms, 
at the. angles of which were placed the different 
letters of the alphabet. Magnetic needles were 
placed above the wires in such a position with re- 
spect to the figures that any two of tiie needles 
may be made to point to each of the letters by the 
action of the fluid, which, on being passed along 
the wires, causes them to turn at right angles to 
the wires. Now in communicating from end to 
endt the person who makes the first advance 
passes a cunent alon^ a wire which lets go a bell 
at the other extremity ; thus a wire touched at 
New Orleans would let go a bell here, and its 
language is, " I'm going to send you a message 
^-flo look about you.*' The person receiving the 
warning sends back a current, which lets go a 
bell at the other end, sajringr, in reply, " Go on, 
sir, I'm listening to you." Then they begin to 
spell out the words, if that is the method adopted. 
If £ be the first letter, then two wires are touch- 
ed, which will cause two needles at the other end 
to point to that letter on the lozenge, and so for 
all other letters. In general practice, fewer let- 
ters are necessary than those of the alphabet. 

The manner in which these telegraphs are con- 
stmcted in England is this : the wires, of which 
there are five or six, are placed in glass tubes, and 
buried several inches in the ground beside the 
rails. One is now nearly finished from London 
to Liverpool, and by it messages are transmitted 
with astonishing rapidity. For commercial 
purposes, these telegraphs are of especial im- 
portvnce. 



QUAKRTDfO STONES. 

Another remarkable example of the contribu. 
tions of Science to the Arts of life is derived 
from the properties of heat, as applied in the East 
to quarrying blocks of stone when the object is 
to excavate huge blocks from the surroondin^ 
mass. A ^rroove is cut some two inches in depth 
in the required direction. This done, the groove 
is filled with fuel, which is kept Ughted until the 
rock is highly heated. The rock, then, is of 
course expanded by the action of the heat ; the 
fuel is then swept away, and cold water immedi- 
ately poured into the groove. The sadden oon- 
traction causes the block instantly to split off. — ' 
The same principle is daily exhibited on our ta- 
bles. If a heated ^lass be suddenly filled with 
cold water, it immediately breaks in pieces. In 
this way blocks eight^r feet long and sx thick 
are easily taken off with no other labor than that 
of chiseling out the groove. 

A similar example of the application of Sci- 
ence to the economy of power is exhibited in "' 
France in the quarrying of mill stones. They 
are required, as you are well aware, to be circular '* 
and flat — cylinders with a very small altitude 
compared with th6 diameter — and the stone from 
which they arc made is exceedingly hard. The 
mode of quarrying them is this : A vety high, 
circular colmnn of stone is wrought out, of the 
requisite diameter. To slice off portions of this, 
such as are required, by the common stone saw, 
would be a work of immense labor. A quite dif. 
ferent agent is employed. At regular successive 
distances, grooves are cut around the coiuinn, 
into which are driven drv wooden wedges at eve- 
ning. The dew which uJls during the night, be. 
ing absorbed by the wood, causes it to expand 
with a power so irresistible that all the stones are 
found properly cracked off in the morning. 

BLEACHING, TANNING, &.C. 

Let us now turn to another science which fur. 
nishes aid to the process of bleaching. The dis- 
covery of chlorine and its bleaching properties 
altered at once the whole economy of this art. — 
The processes which before occupied weeks in their 
completion, are now performed with far greater 
efficiency in a few flours, by a mere appUcation 
of a small quantity of some chlorides which de- 
stroy dark colors and immediately pooduce white. 

There is a very remarkable case, which I must 
mention, where the simple application of a pneu- 
matical principle has produced a vast change in a 
particular branch of art. In cotton mamjfac 
tures, when sgmdks of cotton are to be put intou 
the hands of the weaver, it is necessary that they 
be thoroughly wet — that every thread be satura- 
ted with water. The usual mode was to immerse 
them in a vessel of water, where they would have 
to remain for weeks before they would become 
properly wet. The air which fills the pores of 
the spindles effectually ke|>t out the water 
which could only penetrate after a long time. 
The mode afterward employed is to e^;>el the air 
in the first place ; the spindles were placed 
in a vessel covered air-tight, which was put into 
the vacuum of the steam-engine. The conse- 
quence was that the air in the vessel rushed into 
the vacuum in which it was placed, and aa soon 
11 as it had e8cape<), the air in the spindles having. 



Lardneir's Lectures. 



63 






Upon It no atmospheric pressure forced its way 
out to fill its place. This was continued until the 
air in the ^indies was completely discharged ; 
when, by turning a cock, the water was let sud. 
denly into tlie vessel, subjected to the atmospheric 
pressure, and thus forced into the vacated pores 
of the spindles. I happened, while on one occa- 
sion residing with a fnendin the vicuiity of a cot- 
ton manufactory, to visit it one day after dinner 
and to witness this operation. It struck me at 
once that the best way would be to fill the vessel 
in the first place with water, and then exhaust the 
air ' in it. The air m the water and in the spin, 
dies Would of course be immediately discharged. 
This suggestion was carried out, and the method 
has been ever since adopted. 

In the process of tanning, which consists in for- 
cing certain liquid solutions into the pores of the 
leather^ science has also provided a great improve, 
ment. The leather contains in its pores a certain 
quantity of air, which repels the water just as it 
aid in the case just noticed. The leather was 
usually immersed in the liquid for several weeks, 
at the end of which it would become very well 
saturated. It occurred to some one that, by plac- 
ing it in a vessel and exhausting*the air above it, 
the air in the pores would make its escape, and its 
saturation become comparatively easy. This is 
the method now adopted, and an operation which 
formerly required months, is now performed in a 
few days. 

The preservation of timber fixunwhat is called 
the dry rot depends on the same principle. The 
mode of preservation is by forcing a solution of 
corrosive sublimate into the pores of the wood ; 
and in order to do this effectually, the same expe- 
dients are resorted to as in the cases already men- 
tioned. This process has lately obtained to a 
^at extent in England. It is called Kyanizc^ 
turn, from its discoverer, Kyan ; just as Galvan- 
ism and other scientific principles received their 
names from their discoveries. 

We will now, if you please, change to other 
subjects. 

THE FIXED STARS, NEBULA, ETC. 

When I had the pleasure of addressing ^ou at 
the last evening, I endeavored to explam the 
niethod by which we form an estimate of the dis- 
tances, magnitude and splendor of the fixed stars 
nearest to our System. We saw the conclusions 
of astronomy drawn from a due examination of the 
circumstances by which these distances are gov- 
erned^ Now the number of stars of the first mag- 
nitnde tg be seen in the heavens is extremely 
small-Haot more than fifteen or twenty being vis- 
ible. Outside of this' class the stars of the second 
magnitude exist in greater numbers, there being 
firom fifty to sixty known ; while there are of the 
third magnitude more than two hundred to be 
seen. I should observe that we are not to sup- 
pose that there is no difference between stars of 
the same magnitude in point of size and splendor. 
Those of the first magnitude are by no means all 
equal, as Sirius, for example, is much brighter 
than the others. Nor must it be understood that 
there is any definite hne of distinction between 
stars of different magnitudes. The form of speak- 
ing is jOBt as if I should spes^ of men of the first 
magmtuddy meaning those above six ^t high ; 



those of the second between six feet and five feet 
six, &c. This would be a perfectly arbitrary dis- 
tinction, and so is that of the stars. Now astron- 
omers have seen the necessity of some classifica- 
tion of this sort, and have, therefore, divided the 
visible stars into seven orders or magnUudes— the 
smallest being of the seventh. As to the number 
of the stars, it cannot be told with any approach 
to accuracy. When we get up to those of the 
fifth, sixth, and seventh magnitudes, their num- 
ber is beyond computation. The probable num- 
ber which may be distinctly seen by the naked 
eye has been estimated at 20,000 ; but this must 
be taken as a rough estimate. When, moreover, 
we come to apply the telescope to the examina- 
tion, we discover a farther series of stars of the 
eighth, ninth, tenth, &.c, to the sixteenth and se- 
venteeth magnitudes, which are far too small to 
be visible to the naked eye, or which appear only 
as a whitish cloud, but which the telescope tells 
us are composed of an infinite number of stars, 
as it were, powdered over the surface of the firma- 
ment. 

If, now, the nearest fixed star^ — ^that one which 
can be seen imder the most favorable circumstan- 
ces — ^be separated from our system by so vast a 
chasm as w^ found at the last evening, what must 
we suppose to be the case with those of the sixth, 
seventh, and still more of the sixteenth magni- 
tude — ^visible only by the most powerful telescopes 
ever constructed? But computations have been 
made which still farther excite our wonder and 
astonishment. A steir of the seventh magnitude 
can easily be compared with one of the first, in 
point of e^Iendor, by the photometer — just as the 
hght of a sperm candle can be compared with 
that of a lamp. Sir John Herschell has com- 
pared the splendor of a star of the sixteenth mag- 
nitude with that of one of the first, and has found 
that the Hght of the latter is equal to three hun- 
dred and sixty-two times that of the former. — 
From this it may be inferred that the distance of 
a star of the sixteenth magnitude is such that it 
would require thousands of years for its light to 
reach "our system. These considerations present 
to our minds most comprehensive views of the 
economy of the Universe. For if light requires 
a thousand years to come from any of these plainly 
distinguishable stars, there can be no doubt that 
it takes twenty times as long to come from others ; 
and what are we to iofer fh)m this but that there 
are visible objects in the universe which 20,000 
years ago existed as they are now seen. Light 
left these stars 20,000 years agp, and has just 
reached the earth upon wmch we live. For 20,000 
years past, then, these stars, for aught we know, 
may not have existed. The objects we see to- 
day are not the objects of to-day ; the Sirins that 
we see to-day is not the Sirius of to-day. The 
Hght by which we see it left that star three years 
ago, and from that day to this we have known 
nothing of it. Into what a sin^ar historical 
state does this view throw creation ! Our sys- 
tem, then, .exists at an enormous distance from 
the nearest of the fixed stars, and look in what 
direction we may, the same chasm yawns between 
us and it. 

IfeThe telescope of Sir William Herschell was 
of a power that has neVer Keen possessed by any 
other, and many curious results have flown from 
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his Bunrey of the heayexu. If we cwt our eyes 
upon the dif^nt portione of the fizmament, we 
find the etan very unequally distributed, in some 
parts being very closely clustered, and in others 
scattered at great distances from each other. — 
There is a liiM across the heavens called the Via 
Laetea, or Milky Way, presenting the appearance 
of a mass of whitish tight — ^trayersing the whole 
arch of the firmament, composed of stars so thickly 
clustered to^rether as to appear blended in one 
mass of white UghL Now after the most close 
and careful investigation, Sir WiJHam Herschell 
came to this conclusion : that our Sun is one of a 
vast stratum or bed of Suns, the length of which 
is very great compared with its breadth, and its 
breadth great when compared with its thickness. 
[To assist the imagination in forming a conc^. 
tion of this stupendous idea. Dr. Lardner exhibited 
a copy of a drawing made by Herschell to illus. 
trate his theory.] The appearance of this stratum 
is that of an oblong bed of stus, in which they 
aie crowded as closely together as possible. (It 
must be borne in mind that these words are used 
with reference to a set of notions entirriy different 
fipom those with which we are fiuniliar.) Now 
Herschell accounted for the apparent difference 
in the distribution of stara through space in this 
way : If a person placed on the esuth sees the 
stratum 'through its smallest diameter, he looks 
directly throu^ it, and the stars appear at some 
distance from each other ; if he sees it through 
its breadth, he sees them closer together ; and if 
he looks through its leng^th, they appear denser 
ttiH. In this latter case they have the appearance 
of a white light; and Herschell supposed the 
Milky Way to be a stratum seen through its 
lengtL These views are borne out by appear, 
ances so strongly coRoborative of them that the 
philosophical world has generally given to them 
its assent. 

And now I beg you to endeavor to strain yova 
imaginatimuh— for tiie mind oeheM in the attempt 
to grasp views like these — ^to a full conception of 
these stupendous discoveries. Remember it has 
been proved that the distance of the Sun from the 
nearest star of this inmiense bed is such that li^ht 
can traverse it only in three years, at the amazmg 
velocity of 200,(K)0 miles in a single second. 
Nothing is more catain than that evezy staris at 
least as far as this from the one nearest to it. I 
spoke of the stars as clustered closely to^nether; 
but I said this with reference to dimensions of 
which this whole mass of stars is but a point. 

With regard to the double stars, I shall have 
some things to say calculated to raise in the mind 
conceptions which I think will be fruitfiQ of good. 
On a careful examination of some of the double 
stars, Sir William Herschell thought it probable 
that they were two suns at an immense distance 
from each other ; their apparent proximity he ac- 
counted for by si^posing that we see one bdiind 
the other, the view being thus fore^thortened. If 
so, he reasoned, it will be well to ascertain the 
eflfect of the earth's motion in its orbit iqx>n their 
apparent distence from each other. The immense 
diameter of this orbit he supposed would of course 
produce a change in their apparent distances. 
With reference to this he set about his examina- 
tion ; and the result was one of the most im- 
portant discoyeriee in modem astronomy— one of 



the numerous instances which continually occur 
in which a person, seeking what is not to be 
found, finds that for which he is not seeking and 
which he did not expect to find. He watdied 
these stars, and found that they did change their 
relative position, llus inspired the hope that at 
last he had obtained the long sought ej^t of the 
earth's motion in its orbit on the motion of the 
fixed stars. But he 'soon saw that the change was 
quite different from the one he had expected, and 
his first feeling was one of disappointment But a 
sentiment the reverse of this soon succeeded it. 
He found that these two stan were in motion 
with respect to each other, and on pursuing the 
inquiry still ferther, he arrived at a foot of absorb- 
ing interest — ^that those twin stan were members 
of a double Solar System, and in motion round 
each other in paths similar to tboae marked out 
bj the planets ; their orbits he found were ellip- 
tical. Thus he found that they obey the same 
law of gravitation that Newton discovered, and 
arrived at one of the most magnificent condusiooii 
in the whole range of science, that our Solar Sys- 
tem exerts an influeence upon the remotest parts 
of the Universe. He saw in the fixed stars the 
same mechanism iphich ia traceable in the ailing^, 
ments of the Solar System ; one of the many 
evidences brought to ught out of the store house 
of Philosophy of the greatness and power of the 
Creation. 
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Laoiks and Gentlemsn : I observed on the 
last evening that I^vidence, in supplying ue 
with the means of intellectual food, has marked 
its provision by the same conditions as those 
which prescribe the labor of our bodies— namely, 
that they are only to be acquired by our individual 
industry. Now, by pursuing the same course 
with reference to this feet as to the other, we shall 
find that the same economy is observable through 
^ the airangement. rf iSod. in intenHrtingle 
phenomena of nature. When a question arises 
as to any matter of feet or appearance, what is 
more common than the observation — Must I not 
beUeve the evidence of m^ senses ? — ^And yet 
there is no evidence so fallacious, nor do any wit- 
nesses require such strict cross^xamination as 
these very senses. It is true that in some par- 
ticular appUcations of them the testimony they 
give must pass, as testimony ordinarily passes in 
our courts of justice— for what it appesurs to de- 
clare. But in any case of doubt, requiring par. 
ticular examination, the senses are of all the most 
felUble witnesses. I propose, in commencing this 
evening, to call attention to a few exam^es of the 
veiy fallacies of which these senses are continually 
guilty ; and the most striking, and those which in 
most minds produce the ^atest incredulity, are 
the appearances of the heavenly bodies when they 
rise and set. You are all familiar with the rising 
and setting of the Sun. You all know that the 
impression produced on the mind is that of an 
extremely large orb — an object prodigiously larger 
than the appearance the same Sun presents 
when it is in ^e more elevated portions of the fir- 
mament. Now there a« nothing noxe oertain 
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•thptti that the real magnitade Which the Sun and 
Moon presents to the e3re when near the horizon, 
i0y net to say not greater—- hut, if yon push me to 
tbe strict limits of truth, is in fact ajaparently less 
than when they are higher in the nrmamcnt. I 
am quite prepared to meet the exclamation, which 
has been made a thousand times hefore— < What ! 
tell me that I am not to heiieve the evidence of 
my own eyes ? Do you tell me that I do not see 
thMtt the Moon is larger when it is nearer the! 
horizon than when higher in the heavens ? * 1 do 
UXL joa so— and I think that I can soon convince 
3^ott of it, or at least enable you to convince your- 
selves^ which is still better. 

Now in the first place, if you please, I will put 
before you the evidence of the fact that tbnse 
visible objects d9 not appear to the eve larger 
when just at the horizon than after they have 
risen higher in the firmanent. After you are 
saUsfied of this— rationally and intellectuaUy con- 
vinced^t will remain bdiind to account for the 
impression produced >^on the mind, for there can 
be no doubt that this is larger in the former case 
than in the latter. Now the way in which it can 
be shown that this is not the fact is very simple. 
Astpqnomicalinstrumentsare furnished with means 
for measuring the appearance which celestial ob- 
jeota have to the eye. At present I will only state 
what thfoneans are, as I shall h^eafter have oc- 
caaion to speak of them more mmutely. When 
you look tlm>ugh the telescope you see a visible 
circle called the fidd of views — ^the portion of 
the heavens which the telescope enables us to see. 
Now, in an astronomical telescope, the intention 
of which is not merely to gratify curiosity^ by 
showing celestial bodies more plcunly to the ob- 
server, there are certain means provided to meas. 
ure the apparent size of the heavenly bodies. 
There are certain wires or hairs extended across 
the field of view, and appearing Uke fine, black, 
parallel lines ; these are moveable by screws which 
carry them up and down parallel to each other. 
By this screw, which is .called the micrometer 
screw, and of which I shall hereafter have more 
to say, when we brin^ into the field of view the 
Sun or Moon* by raismg one of the wires, so that 
it shall just touch the imper edge, and the latter 
so that it may just touch the^ lower edge of the 
object, we hare in the interval between ue actual 
apparent widlh of the body to which our atten- 
tion is directed. Now suppose this has been done 
when the Moon is rising : I shall then have its 
actual width as it appears to my eye. Let the 
wires, then, be left undisturbed in this position, 
and wait until the same object ^all have reached 
the upper parts of the firmalment, when it is gene- 
rally believed to appear smaller than before. Then 
bring the telescope to bear upon it again ; and it 
will be found that the same wires touch the top 
and bottom of the ima^e precisely as in the former 
case. Now this experiment will be sufiicient to 
convince any one that as a matter of fieict there 
is no difference in the apparent size of the object 
seen in its different portions. 
^ But, you may say, the evidence of the impres- 
sion is so strong that I cannot help thinking that 
there is some influence in the telescope which vi- 
tiates the real appearance of the objects ; and I 
cannot give up the impression that the same oh. . 
jfiBt appears larger, at the one time than at the y 
r 



other. Give up the t^eacope, then, and try the 
same expwiment in this way : Take two threads 
of silk — (and any lady who chooses can easily do 
this) — place Uiem parallel to each other, and bring , 
them into such a position that thty shall be, the 
one between tbe eye and top of the Sun, and the 
other between the eye and the bottom of the Sun. 
Keq) them thus as well as you can until the Sun 
has advanced to a higher point in the sky ; then 
bring them again to l^ar, and you will find that 
the Sireads, at the same distance as before, will 
measure fhe width of the Sim. This must cer. 
tainly satisfy all reflecting minds that this appealr. 
ance of greater size near the horizon is a decep- 
tion— I will not say an optical deception, for I 
have shown that the eye is not deceived — the 
visual ani^le in both cases being precisely the 
same. The question — ^what causes this sbigular 
appearance ? has been for a long while one of no 
little difficulty. Various solutions have been pro* 
posed, and the one generally adopted by scientific 
minds I will now endeavor to make plain though 
I fear its nature is so remarkable that I am not 
sure I shall make it intelligible. But here it is. 
If the Sun or another celestial object be near the 
horizon and I direct my attention to it, I see be- 
tween me and that object a vast number of oh- 
jects upon the face of the earth — as trees, houses, 
mountains, &c, the magnitudes and positions of 
which are familial to me. These supply the 
mind with a means of estimating the size of the 
object at which I am looking. I know that it is 
much forther off than these ; and yet the Sun ap. 
pears, perhaps, much larger than the top of the in- 
tervening mountain. I thus compare the Sun by a 
process of the mind so subtle and instinctive thai 
I am unoonsciouB of it, with the objects which I 
see between it and myself, and I conclude that it 
is much larger than these. Well, the same Sun 
rises to the meridian ; th«i there are no interven- 
ing objects whereby to space off the distance, ae 
it were, and thus form a comparative estimate of 
its size. The same thing may be observed if we 
look upon the firmament on a starry night ; it will 
appear like a flattened vault, the vertex bein^ 
nearer to the earth than the horizon. This la 
nothing more than a repetition of the same cause. 
Mark 3ie position in which the mind is placed. 
You see the same Sun at its moidian, at a dis. 
tance which you think is less ; the same Sun ie. 
of the- same size ; but the mind reasons that inas. 
much as the distance is less in the latter casSy 
therefore the Sun must l^>pear less. ,^I am pre- 
pared to be met by the objection that this is an 
extremely learned and metaphysical reason. So 
it is : the ojperations of the mind are extremely 
subtle, and if we want an explanation of them, 
we must be jcontent with one drawn from tiietr 
essential nature. As well might we complain oi 
the solution of a problem in mathematics, because 
it is mathematical, as of this explanation because 
it is metaphysical. One fact is most oertaio'*— 
that neither the Sun and Moon, nor their appear, 
ances, are larger wheu near the horizon than whu& 
in the higher regions of the firmament. This w 
perhaps, m the whole range of science, the most 
striking of the fsJlacies of which the senses are 
continually guilty, and which the operations of 
the mind are required perpetually to correct. 
Another notimcoaanox^ fidlacy of thei 
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ftn to the ooBBlowm at which we azrive with re. 
ftraioe to the eeiMe of touch. When we touch 
any object we are aemible of cold or wannth; 
and we are accnetoied to say that thia or that is 
wann or eokl aooonfing as we fael it Nothing 
ean he more in djaoordance with &et than the le. 
Bohs of such eridence. Suppose yoaiself in a 
reom where there is no fire, and at this season of 
the year. Tooch with your hands any metalUc 
object— ^the firejrons lor instance ; yoa InunedL 
ately become impressed with the eonviction that 
the iron is cold. Touch then the cloth upon the 
taUe— and you betiere it wanner than the iron. 
Touch the bare tabie or the floor, and you behere 
it less cold than the iron and less wann than the 
doth. Now if you could imbed a thermometer in 
;, iron, the tiUe and the ctoth, you would find that 
this instrument would tell a fBi diftrent talefiom 
the touch. It would tell you that there was pre- 
• cisely the same temperature for them alL It is a 
physical truth that the three bodies are of exactly 
the same temperature. Now, you may say, of 
what use is the touch if it deceives us in thismbst 
•negious manner ? It is of much use. Tlie same 
novidence that has supplied us with this instru- 
ment for certain important puipoaes, has also, for 
•the same end, supplied an inteUect to conect its 



Hear now the reasons why these objects seem 
to the sense of touch, of diiSBcent temperature, 
while they are all of the saine^ 

The human body has a certain fixed tempera, 
tore, generally higher than that of the tempera, 
tore to which it is usually exposed, certainly higher 
than would be found in any room in which was 
no fire, at this season of the year. All bodies, in 
xeArence to that, have certam properties which, 
in order to dear up the matter, it may be neces- 
■aiy to explain in a few words. They have oer. 
tain powera of conduction which are diffirent in 
difinent bodies. If two bodies of di£brent tem- 
perature be placed in contact, the heat will be 
oonducted from the one to the other, with a dif. 
ftrent degree of focility in diffiorent bodies, until 
both be of the same temperature. Suppose the 
hand, of a temperature by the thermometer of 
lOOS be put in contact with a piece of iron whose 
tenqMsrature is but 60^. The iron, then, being a 
food conductor of heat, would rob the hanflof its 
superior temperature, which will lose the heat given 
to the inm with a rapidity proportioned to its con. 
ducting power. Now, suppose the hand to be 
placed upon a piece of wood at tiie same tempera, 
tnre, which is not so good a conductor, and yet 
has a certain conducting power : the heat of the 
hand will not be lost so fast. Finally, place the 
hand upon the blanket, wbi6h is likewise at the 
temperature of fiO*' ; the heat is now scarcely lost 
Bt all. Nay, after keeping it upon the blanket for 
a little time, it will 4:ease to lose any. Now, what 
does this amount to, in ejsdaining why the iron 
is odder than the wood and the wood odder than 
the doth 7 Simply this: neither of these objects 
is odder than the other, but one has the power of 
oonducting the heat from the hand more rapidly 
than another ; and the sense of cold is produced, 
3iot by any teal degree of cold, but by the con- 
ducting power carrying the heat away from the 
hand— and its loss givmg the sensation of cold. 
You asa how easy than, by the apfdicatioiiofoBe 



or twosdentific piincqiles the fidlacy of this 
is explained. 

This leads me to another observation respect. 

ing expedients to which we all resort with reler. 

ence to heat and ooM. The whole theory of dotii. 

ing rests Upon the facts and prindi^es to whidi I 

have just adverted. The human body is by some 

inserutaUe arrangement snpfdied with an intand 

fountain of heat, by which its temperature ii 

maintained over the air which usuaBy surrounds 

it. The fountain of heat owes its origin to tiie 

same unknown tnindple as organization itsdf. 

The fiu^t of its existence, and that it is eapehle of 

supi^ying a certain quantity of the calorific pihU 

ciple, are all that we can know. This amount of 

hMt JB essentid to the welLbeing, hedth and oom- 

fortof the human body : if we lose it too fSast the 

sensation of cold is produced : if it is mat suffered 

to pass away at all, we become senable of fover. 

The atmoqmere is subject to various vicissitudes 

of heat and cold, and from both man is oompdled 

to defend himself. How shall he do it | He sur. 

rounds himself with clothing, made of non^xm. 

ductiiur materids, such as flannels, cotton, dtCd— 

The e&ct of this is to keep the body at its naturd 

temperature by placing a barrier between it and 

the atmosphere— not allowing the heat of the body 

to pass off from the surface. If the ext«and %ir 

on the other hand be hot, the same covering which 

preventB the naturd heat from passing away j lun- 

den the extemd heat from entering. Hence in ' 

hot climates as well as in cold persons are accus. 

tomed to wear flannd clothing, to produce oppo. 

site effects in the two cases. 

. Another point in the theory of clothing is de- 

serving of notice. Nothing is more conducive to 

the regular temperature of the body than free 

evaporation. The surface of the body is an ad- 

miraUe piece of mechanism. The skin is an in- 

strument to which few present have given the at- 

tention it deserves. It is filled with minute ca. 

pillary tubes, which continually send forth the 

effluvia which ought to escape. If you cover the 

body with a substance which is a non.condactor 

not only of heat but also of air, in seeking to pve- 

serve the regular temperature of the body you oh. 

struct the escape of those principles which ought 

to pass freely away. Hence flannd is mostly used 

for clothing, as its pores are open and the air 

readily passes, while heat onlv makes its escape 

through it with reluctance and difficdty. When 

the cloths which have been called MacinntosheM, 

from the name of their discoverer, first came into 

use, it seemed that people never could have enou^ 

of them. Jheaan of every kind, but especially 

8hooting.dresse8, boots, trowsers, and all, wen 

made of the Maddntoah doth. They were im. 

pervious to heat and likewise to all fluids. Con. 

sequently all exhdations from the body were 

stopped by these coverings, and serious injuries 

to hedth, including many lives, were the result 

of their use. People soon began to understand 

their character, and now this cloth is rarely used 

in England except for cloaks, which, being open, 

dlow epace for the evaporation of those noxious 

fluids. In alluding to the functions of the sldn, 

there is one circumstance not uninstructiye. You 

are aware that when we inspire, the air taken 

into the lungs undergoes a change, with the na- 

ture of whidi we are not aoquaiixted ; tfaas we 
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know, that when it is expired, its nature is 
changed and it has acquired the qualities of cu- 
bonic acid gas. We find that this result also 
illnstrates the functions of the skin. If you take 
a wine-glass or tumbler, and inverting it on the 
akin, hoM it firmly for a short time, the air in the 
glass will be found to have undergone a change 
analogous to that which is breathed fix>m the 
lungs : a candle thrust into it w^l immediately 
be extinguished. From observations' of this kind 
it is evident that the whole surface of the body is, 
as it were, an extension of the lungs, dealing with 
the atmospheric air in the same manner with 
them, though with considerable less energy. — 
Whatever change the lungs effect on the oxjgen 
of the air brought into contact with them, is ef- 
fected by the skin in a feebler degree on idl that 

. gets ac^ss to it. Now to surround this with an 
air-tight dress, as if caoutchouc or similar fabrics, 
vin>uld be the same in principle as to step the 
mouth and obstruct the respiration, with refer- 
ence to the function of the lungs. 

I win give one farther example of the fallacy 
which gave rise to these observations. The water 
of a cold bath is no colder than the surrounding 
air ; yet suchMoes not appear to be the case to a 

«, man about to plunge into it. Yet if a thermome- 
ter be first suspended in the .siir, and then plunged 
into the water, the same temperature wiU be ex- 
hibited in both cases. What, then, makes the 
diffisrence in the sensations ? This is easily ex- 
plicable upon the principles I have been consid- 
ering. It is true that liquids are not good con- 
ductors of heat in the strict sense of the term ; 
they operate in a different way. If a person plunge 
into water the temperature of which is lower thein 
that of the air, the particles which first touch his 
bod^r become warmer^ and, by a well known law, 
rise immediately to the sur^ce. A fresh stream 
of cold particles rushes to his body, which in ^eir 
turn rise and give place to others. Thus there is 
kept up a constant stream of oeld particles to- 
wards hits body, which clearly accounts for the 
apparent temperature. Air may be heated to the 
temperature of boilia? water, and still a person 
may remain in it wimout diconvenienc^-^when, 
if plunged into water of the same temperature, he 
would be immediately scalded. These observa- 
tions clearly account tor the exhibition of a feat in 
England, and, for aught I know, in this country, 
of one M. Chabert, &mous for exposing himself 
to a degree of heat which it was thought would 
destroy any other person. He had an oven, which 
he was accustomed to have heated to such a de- 
gree that ke could broil a beef steak by ite heat, 
while he quietiy sat in the oven and cooked and 
ate his steak. But- Chabert did not stand upon 
the bottom of the oven ; he took care to have be- 
tween his feet and the iron which formed its bot- 
torn, and on which the steak was cooked, some 
non-conducting substance. Air not being a good 
conductor, and by being careful to have a carpet 
or piece of cork upon which to stand, he could 
quietly remain in the oven ydthout injury. So 
that these feats were nothing more than an ex- 
periment on the principle of conductors and non- 
conductors. You see, then; that aU these extra, 
ordinary performances are accounted for by the 
simpleet scientific principles. 
The Mine man protmded to swallow Yrum 



Acid. Now there are certain liqtdds whicH no 
one ever swallowed without swallowing a portion 
of this acid, whidi may be taken in very small 
quantities with impumty. Chabert's feats in 
London ^ere stopped very suddenly by a gentle, 
man ^ho brought to the concert a bottle of real ' 
Prussic Acid, and proposed to the juggler that he 
should swallow it, which, however, he very pru- 
dently declined to do. 

The principle of the non-conduction of heat iv 
illustrated by the economy of steam-boilers in 
England, where it is a great object to produce as 
much steam as posmble with the least possible ex. 
pense of fuel. In Cornwall nothing is more 
striking than, in hot weather, to walk into the 
boiler room and find it the coolest place to be 
found. The boiler in this case is surroimded by 
the best non-conductor to be found ; and the 
material which is found to answer the purpose is 
saw-dustk The Cornish boilers, which are used 
at a temperature as high as those of yoxa high- 
pressure engines, are coated with three or four 
inches of saw-dust. This non-conductor prevents 
the escape of the steam, and all that is evolved 
by combustion is kept within the boiler, and the 
room is kept as cool as any one need to be. I have 
alluded to the feet that flannel is frequently used 
in warm climates as a defence against the heat. 
Now blankete were frequentiy, upon the same 
principle, put around stecun-faoilers, before the 
superiority of saw-dust was known. Ice, which 
I understand is conveyed from Boston to India, is 
also wrapped in blankets ; this is nothing more 
than an illustration of the principle I have endea. 
vored to develop. 

UGHT. 

All the impressions of the senses require to be 
interpreted by the understanding, and this brings 
us back to the truth that the Creator, who has 
given us the intellect, intended that we should 
use and apply it to all the phenomena of the 
senses,^ which give such fallacious testimony. — 
We are accustomed to rely on the evidence of the 
eye with the most implicit confidence : and yet 
there is no one of the senses whose testimony is 
so fallacious as that of this same eye, all-perfect 
as it is in mechanism. The impressions made upon 
the eye, when carefiilly and philosophically exam, 
ined, are extremely curious. With the structure ' 
and arrangement of this organ yoii are all doubt, 
less familiar. Light is not a material substance ; 
it was, however, lon^ si^posed, and is still held by 
many that this is its nature ; but according to 
modem discoveries, it is onfy caused by the undu. 
lations or vibrations of the medium through which 
it passes. The best way, perhaps, of elucidating 
this point is from the analogy of sound, as the 
same laws which govern the one govern the other 
also. No one supposes that sound is a material 
substance ; you are all aware that it is merdy tiie 
effect of a system of pulsations produced in the 
atmosphere and propagated through that form the 
body strack to the ear. Now if you only admit 
the existence in nature of a fluids infinitely lighter, 
more attenuatedf^elastic, and delicate than the air, 
there win be no difficulty in conceiving it to be a 
saystem of pulsations tzanonitted through the 
fluid, infinitely more deticateand rapid than those 
ofsoond. Thiiiillutlnition coftT«yatfa«bittiip« 
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tinm I am ctqmble of ^ving, of the modem theory 
of tii^t. 

The son or a lamp acting on this ether, as it 
is called, puts it into a state of pulsation ;- the 
vibrations passing through it as those of sound 
■ through the air. This pulsation is propagated to 
tlie eye — ^reaches the retina, and puts that delicate 
membrane into a state of tremulous motion which 
is the proximate cause of the impression of light 
pK>du<^ in the mind. It has been, moreover, 
discovOTod by modem science that the varying 
rapidity of these vibrations is the cause of the dif- 
ference in the colors of the spectrum ; and what 
is stiU more remarkable, these vibrations have 
been subjected to admeasurement. The various 
cdtors, blue, green, 4dc, are nothing more than the 
effects of the different rates of pu&ation imparted 
to the retina at the back of the eye-ball. A ray 
of vibration enters the chamber of the eye through 
the pupil — a small Uackspot in the centre of every 
eye, which is merely an aperture through which 
a rod might be thrust — and causes the retina to 
vibrate at di^rent rates. Science has discovered 
a method of computing the rate at which this 
membrane pulsates; and the numbo' of vibrations 
per second, when the sensation of redness is pro. 
duced, and so for the other colors. There would 
be nothing extraordinary in this if this was any 
cffdinary rate, as for instaace fifty times in a 
second. But when I tell you that the number of 
vibrations for one color is six hundred millions per 
second, seven himdred milHons each second for 
another, and that it is never less than six nor more 
than nine hundred millions — ^when I tell you that 
modem science has estimated this with close accu^ 
ntcy, you will admit that it has accomplished what 
approaches very near to the miraculous. 

These observations have been suggested by re- 
ference t6 the fallacies into which we are led by 
the senses — and this is especially applicable to the 
impressions of the different colors ; for the truth is, 
that probably no two persons rec^ve precisely the 
same impression fiom the same color. There are 
numberless instances of difierent impressions made 
upon different individuals, and nothing is more 
common than an inability to distinguish between 
green and blue. There are hundreds of persons 
who are never able to distinguish by their colors 
the cherries upon a tree from its leaves. The 
celebrated Duqau) Stewart, the well-known 
chemist Dalton, and many other names, probably 
familiar to you all, might be mentioned of per. 
sons who were unable to distinguish the different 
odors. 

By a little management we may be able to see 
bodies that do not exist, and if we take the evi- 
denceof the senses on these points, we should be 
led to believe in all sorts of spectres — ^the effect of 
factitious vibrations produced by various causes. 
It would require weeks to enumerate all the exhi- 
bitions of this deception ; but I will mention one 
or two which may amuse, and at the same time 
be instructive. Take a stick of red sealing wax 
and place it between the eye and a sheet of white 
paper ; after keeping the eye steadily fixed upon 
ijie wax for a short time, look beside it, and you 
will see a stick of blue wax as distinctly as you 
perceive the real wax. In this way a succession of 
ipectra mdiy beproduced. Thus, by lookinjgr steadily 
at.a yedya&r for nflhort tunei you will bs aUe to 



see beside it the ghost of a blue wafer ; and oon. 
versely a blue wafer will give birth to the ghost 
of a red one— these two colors being correlative (o 
each other ; the retina, by the action of the one, 
is put into a state of morbid vibration by which 
the effect is produced. It is explicable by sup. 
posing that when the retina is put into a state of 
pulsation, its motions continue for a short time, 
just as a bell continues to ring for some seconds 
after it is struck. There are some instructive and 
amusing toys constructed on this principle, which 
it may be well to mention. There is a certain toy 
which exhibits this : — around a circle of card, 
having their feet in such positions as would be 
successively assumed by two persons waltzing, are 
two figure so arranged that when one position is 
presented by turning the card . aixumd a little the 
next is exhibited. After passing completely round, 
the first position is again shown, the figures hay. 
ing made a complete revolution. Now, if looking 
through a small aperture, a pin hole through a 
piece of paper, so that one attitude of the figures 
can be seen at a time, and the toy be then turned 
swiftly about, to your eye will be exhibited the 
appearance of two persons waltzing, just as they 
would be in the real waltz. The explanation is 
simple : when you look at the first position, the 
vibrations caused by the retina are continued for 
the extremely small position of time until the 
next position comes into view, and so for all the 
rest ; so that the impression produced is that of a 
connected series of positions resembling those of 
the waltz. That tlus is the trtie ejqilanation is 
made evident by the fieict that if the card be turned 
too swiftly, nothing but a confused impression is 
produced ; and if too slowly, there will be an im. 
pression of an irregular motion. 

It is mentioned in the Programme of this lee 
ture, that the resemblance l^ween the natural 
organs and artificial instraments would be ex. 
plained, but I have only time to allude briefly to 
that of the eye ^d telescope. The eye, as you 
know, is a compound lens : when a visible object 
is placed before it, its image is produced on the 
hinder part of the interior chamber of the eye. — 
Now a similar contrivance is employed in the 
telescope. The object-glass in this instrament ' 
corresponds to the crystdline lens in the eye, made 
of glass, and in the double convex form. In the 
eje, when an object is placed before it, the rays of 
light are conveyed to a focus, when a small image 
is produced ; and the same thing is accomplished 
in the telescope. If you imagine that when you 
view an object through the telescope you see the 
real object, you are greatly mistaken ; it is not the 
object itself, but only a picture of it, in such a 
position as to enable you to apply to-it a microscope. 
This picture is but one or two inches firom the 
eye ; and you are to deal with it, in applying the 
microscope just as you would with a bit of ammal 
fibre, or any other small object that you wish to 
examine. Thus the telescope is nothing more 
than a device for obtaining a small picture, near 
at hand, of a distant object, so that the powers of 
the microscope may be applied to it. The micro, 
scope is nothW but the eye glass near which is 
the picture. Uiius it is not the object itself, but 
only a magnified picture of it, which is seen by 
the telescope. With these observations I conclude 
thi9 branqh of the lecture. 
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TSlOOAAmT 8TAR0, &0« 

Among^ the extraordmary pfaeaofniena it^uch 
the heavens fiom time to time {yieeent, there are 
none mare inscrutahle — ^none which surround eyen 
astronomers with move wonder and perj^ezity, 
than the appearance of Tbhpokart Stars. In- 
deed the views which such appearances open to 
the mind, of the economy of the - miiverset are 
most extraordinary. From time to time, pheno. 
mena like this have been exhibited ; a star makes 
its appearance in a point of the heavens where 
none has ever been seen before, and of a magni- 
tude and B|>lendor far superior to those of the stars 
by which it is surrounded. It continues visible 
for a time, grradually declines in splendor, finally 
disappeaiB, and is never seen again. In the year 
389 there was an appearance of this kind, but in 
1572, there was one much more remarkable. A 
star appeared ao suddenly, that in half an hour 
fifom its first becoming visible it had reached a 
size equal to that of a star of the first magnitude. 
An, astronomer of that day was observing the 
same portions of the heavens and saw nothing 
remarkable — ^nothing which was not perfectly 
familiar. He retired to his dwelling, and in a few 
moments some peasants ran in and astonished him 
by saying that a star had blazed out and suddenly 
assumed the splendor of a star of the first magm. 
tude. He went out and found that it was so ; it 
exceeded Jupiter in splendor, and was for a long 
while so bright that it could be seen in the day, in 
the immediate presence of the sun. It continued 
thus for about two years, when it disappeared, 
and has never since been visible. There are 
several instances, not quite so remarkable as this, 
which have occurred in a similar way. What 
purposes these stars subserve in heaven's high eco. 
noniy — ^whether they are suns called into being by 
the Maker of the Universe, and permitted for a 
time to exist until they shall have fulfilled the 
purposes of His wisdom is only a matter of con. 
jecture. The &ct of their appearance is unqnes. 
tionable ; the witnesses have been scientific men, 
and their number is so great as to preclude all 
doubt. BejTond this we are entirely ifi^norant. — 
What I have told you. Science tells, and no more. 
The facts are all liefore you. 

The ajppearance of periodical stars is also very 
extraordmary. They are subject to great varia. 
tion in their apparent splendor — ^being at &8t of 
small magnitude: gradually, after the lapse of 
time, increasing in splendor to that of a star some- 
times of the first, and at others of the second mag. 
nitude ; then tliey decline in size, and soon become 
invisible. But by watching the spot where they 
were first seen, after a lapse of time, they will I>e 
seen to reappear, increase in brightness, then de. 
cline and disappear for another period. Their re- 
currence is observed to be periodical. Of course, 
when a phenomenon of this kind is observed to 
occur at regular intervals, a variety of theories 
will be suggested to account for it ; and astrono- 
mers accordingly have devised several hypotheses 
whereby to explain it. One of the most plausible 
is that derived from the existence of spots upon 
the sun's surface ; and it may easily be conceived 
that one side of a distant sun should be entirely 
covered with spots; so that when that side is 
presented toward us, no light proceeds frem it ; 
wheceasy when the other hemisphere, which may 
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be unobscured, is toward the earth, the full splen- 
dor of the star is* apparent It is observable that 
there are periodical stars which never become 
quite extinguished — varying from the second to 
the sixth magnitude, at regular periods. If we 
suppose, then, that the surface of distant ,suns are 
covered with permanent spots, there w21 be no 
difficulty in imagining that, as the body turns 
upon its axis, its appearance to us would be pre- 
cisely that presented by the periodical stars. 

FAJLLING STARS. 

There is another subject that I might have men- 
tioned in connection with what I had to say of 
flsrdites ; but as I am not tenacious of method in 
these Lectures, so useful and important informa- 
tion may be communicated, I shall say something 
of it here. You are familiar with the phrase, 
failing 9tar9: the phrase used by the French phi- 
losophers to designate these phenomena is etoile$ 
courante8f of which ours is no doubt a corruption. 
The name, however, is of but little consequence. 
You are all familiar with the appearance of a 
stream of li^ht which seems to rush across the * 
heavens, with an appearance like a meteor. 
Now, nineteen persons out of twenty would 
ascribe these phenomena to electrical light ; but 
this is a mistake. The etoilea courantes present 
appearances which, on careful investigation, prove 
that they are not asmoepheric, but coemical phe. 
nomena ; that is, that they do not belong exclu. 
sively to the earth, but to tne solar sjrstem. By 
observations taken from different points on the 
earth, it has been ascertained, by the same prin 
ciples by which we found the distance of the 
moon, that these etoiles courantes are greatly be- 
yond the atmosphere, at a hight of almost six 
nundred miles, which is much farther than our 
atmosphere is known to reach. There are many 
causes, arising froi|i the more advantageous cir- 
cumstances under which they may be seen, which 
should render them objects of extreme interest in 
this country. They generally make their appear, 
ance t^ice during each revolution of the earth in 
its orbit — about the 11th of November and near 
the middle of July. They often appear in a 
shower, as it were ; and it has been supposed by 
many that they are bodies revolving around the 
Sun until encountered by the earSi — too small 
to be visible except und» very peculiar circum- 
stances. It is evident that .they belong to the 
general class of terolites ; their magnitude ia 
often six or eight hundred thousand tons, and, 
from fragments which have been examined,, their 
consistency is known to be as great as that of 
granite. To explain, as well as can be done, 
their origin, would be merely a repetition of what 
I said concerning sBrolites. The question may 
arise — ^Whence comes Iheir light, since they are 
non-Iuminous ? This is easily explained^ upon 
the principle to which I have often alluded, Uiat 
bodies may move through the air with such* a 
velocity as to evolve both light and heat. 

I have already alluded to the fact that when we 
examine the stars of the firmament we find that 
many of them are not single stars, but double ; 
that they are connected together by a physical 
tie, twin systems revolving about each other. 
The difference in their colors, and their always 
preserving the relation of the harmonic colors, 
though worthy of notice, are facts not capable of 
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satisfiictory 6z{>lanatkm. This may belong to tiie 
class of deceptions which I hare already noticed 
this evening. Although no one supposes that 
they are not double stars ; still though one is red 
the other may not be blue, as it is in appearance; 
the eye may be so impressed with the red as to see 
its correlative blue, just as in the case of the wafer. 

The number of double stars is very great — 
ieveral thousands being distinctly visible over the 
firmament The triple stars have motions, rela. 
tive to each other, as mentioned last evening. 
They move in ellipses, in obedience to the law of 
gra^tation. This, as established by Nkwton, 
declares that if two bodies have a mutual attrac 
tion they will alwajrs move the one around the 
other in ellipses. Sir William Herachell found 
that the double stars have just such motions as 
are prescribed by this law. There can be no 
doubt, then, that the sway of the principle of 
gravitation extends from the solar system to 
such distances as to leave no doubt that it is part 
of the system of the Univene. 

In looking upon the heavens we are struck with 
the appearance of clusters or groups of stars, called 
Constollations or the Great Bear, Orion and others. 
It is most likely that this particular arrangement is 
entirely casualr— there bemg no necessary physical 
connection between the seven stars of the Great 
Bear which i^ould prescribe this especial ammge. 
ment. But, when we examine them with a tde. 
scope, we &)d other groups to which these ob. 
servations will not ap^. Some of these appear 
like clusters to' the eye, while others are merely 
white spots ; they are of various forms, generally 
of a ispherical or globular diape. Smne of them 
appear as distant stars, which may be counted ; 
while others have the appearance of a whitish 
doud, even to the most powerful telescopes. 
There are also collections of stats to be seen 
^nalagous to the bed of stars which I explained 
last evening, of which our sun is an individual 
member. When we look out upon the larthest 
bounds the mind can ken, we find minute objects 
which even to the telescope have the appearance 
of stars powdered over the firmament. In other 
cases, we may doubt whether we can ^scem the 
individual stars or not — some maintaining that 
they cai^t, while to others they have the appear, 
ance of dim, cloudy spots. That all these are 
composed of individual stars, analogy leaves no 
room for doubt. 

In many porticms of the firmament, as you see 
by this morama, are presented appearances of 
fiunt streaks of light : there is reason to believe 
that these , also are vast beds of stars, which pre. 
sent themselves to our view edgewise, as I ex. 
plained at the last evening. 

Many of these nebule are annular, composed of 
stars placed in the form of rings, which we see in 
all directions, some doectijr in fixmt, and others at 
every possible an^le of obUc[uity. There is one, 
which is here exmbited, which has the form of an 
hour-glass or dumb.bell. I might observe that 
when a star is observed through a telescope, it 
ceases to scintillate ; so th^t the appearance on 
the drawing is more accurate than might at first 
be supposed. 

The number of nebule catalogued and dis. 
tinctly recognized by astronomers amounts to be- 
tween three and four thousand. The obseryen 



who have devurted most atttetion to the subject 
havA estimated the distance of some of these ne. 
bulsB to be 80 great that it wotdd require 30,000 
years iat light ftom them to reach our earth. It 
must be, then, that they have continued to exist 
for that length of time, and, for aught we know, 
may have Men blotted from being for so many 
years piwt* 



LECTURE V. 
HurroucAL ssbtch of astronomy. 
Dr. Laadnbr commenced his Lecture on Mon. 
day evening by exhibiting experimento to illustrate 
the tendency which nearly all bodies have, in re- 
volving about an axis, to turn iqion what are called 
their axes of preference. These experimento have 
already hem described in our report of a former 
Lecture, and it is not here necessary to repeat 
them. There were one or two other principles 
illustrated in these last experimento not hinted at 
in the former, which it may be well to notice. 
One of these was shown by suspending a flenble 
rin^— re p r es ented by a looped chain — and put into 
rapid rotation around ite longest axis. The chain 
first spread itsdf out into a ring, and then assumed 
a position which allowed it to turn about an 
imaginary axis perpendicular to ite first. Another 
foct exhibited was, that, in causing a cylinder to 
spin about ite lon^^est axis, when it came to as- 
sume a position which enabled it to turn upon the 
short axis perpendicular to the other, it presented 
the appearance of a small inhere surrounded by 
an apparent atmoi^here : this is easily explained, 
since, in reviving, the central pwtion of the 
cylinder is immematdy and continually under 
the ejre, while tiie other parte are continually 
shifting their position. These experimento, and 
othen similar to them, are very simple and easily 
made ; and the Doctor said that he could not too 
strongly recommend, at this holyday seascm, wiien 
it is usual to give presente to children, that, in se- 
looting gifts, those which shall be instructive as 
well as amusing be chosen; as, for instance, 
kaleidoscopes and many simple ihstrumente eamly 
made and of an interesting character. There sob 
hundreds of ingenious men among us, he^said, 
who could reacnly construct them. After these 
remarks and experimento. Dr. Lajidnxr proceeded 
with his Lecture as fidlows : 

Ladies and Gentlemen : I purpose to call 
your attention, pn this occasion, to a subject 
which will prove extremely interesting, if I can 
only make tiie spirit of itintelli^ble; although I 
know that it is extremely difficult io do this to 
any considerable extent, I do not wholly despair. 
The Creator of the Universe, ladies and gentlernen, 
has written two books, in which we are enabled, 
by the faculties he has given us, to read his at. 
tributes and his laws. And these, like all the pro. 
ductions of he same author, have a most marveL 
lous similarity in style. The two volumes of 
which I speak, are the book of Nature and the 
book of Revelation ; and it is impossible for any 
reflecting, contemplating and observing mind to 
peruse these two books with attention and care, 
without being convinced, whatever may be^ the 
conclusion on other pointe to which he arrives, 
that these are the productions of the same hand. 
Thesotwo books require to be approached, in or. 
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der to be profitable, in the same spirit ; for if that 
be not a right spirit, both will alike lead to error 
of precisely the same kind. The Book of Na. 
tiire, as well as the Book of Revelation, re(|nire8 
to be approached in a spirit of humility : m or. 
der to its right interpretation every one must 
idiake off all his preconceived notions, and divest 
himself of all prejudice ; he must give up the 
spirit of caviling and be pr^Mired to find, both in 
the one book and the other, most marvellous and 
inexpHeable things. It is precisely because po'. 
sons have not approached either of these books in 
a right spirit, that they have fallen into a series 
of errors — a series of evil consequences— as like 
each other in the two cases as it is possible for any 
two sets of moral phenoniena to resemble each 
other. When the Ancients consulted the Book 
of Nature thev read it with arrogant and assum- 
ine notions; the]^ read it with an inordinate men- 
t£U pride, and with the inflated idea that their 
prodigious intellectual powers enabled them to 
judge not only what Nature, as revealed in her 
phenomena was, but what she ou^ht to be. They 
were accustomed to erect their ideas into a sys- 
tern to which they allowed no exception, and m- 
stead of inquiring, as is done in modem physics, 
with diligence and humility, what are the phe. 
nomena exhibited by nature, they laid down cer- 
tain dogmas or inazims, and endeavored to twist 
and distort the phenomena of nature, looked at 
through their false media, to bring them into har. 
mony with their theories — ^then believed to be in. 
fallible, but now known to have been most ab. 
surd. In fact it can be proved that a system of 
the Universe, constructed as one of their sages 
imag^editmustbedone, would not endure a sm. 
gle year. The very circumstances which they 
pronounced impossible are now known to be the 
causes of the permanency, stability and regularity 
of the physical world. Now what do we find in 
all this except the image of what has taken place 
with reject to the other book ? Do we not find 
that as the Book of Nature, interpreted in an ar. 
. logant and haughty spirit, leads to the most ab. 
.surd and fiital errors, so the Book of Revelation, 
when approached in the same temper, leads to 
the same conclusion ? But of the evil consequen. 
ees resulting from a wrong interpretation of the 
Book of Relation, it is no part of my province 
to speak ; you have able teachers among you 
who will give you all needed instruction upon 
this matter. It is my part to show, that the very 
•vile which these sage instructors endeavor week, 
ly to present, as reralting from the wrong inter, 
pretation of the Book of Revelation, flow in the 
same wav from a wrong interpretation of the 
Book of Nature. 

The Ancients, in their inquiries, took up the 
phenomena of Nature in this way :— They had 
ctttain .abstract and peculiar notions of physical 
and geometrical perfection : these they laid down 
ae general axioms, and maintained that whatever 
was not in confonnity with them must not, could 
not be physically or geometrically perfect. As 
applied to the motions of the bodies of the uni. 
verse, one of their axioms was this \. that aUper. 
feet motion must be drctdar and uniform, Iney 
concluded, therefore, that the planets moved in 
circular orbits and With a uniform motion. Hav. 
ing laid down this as an absdute and universal 



truth, no one ventmed to dispute it, and it was 
instilled into the minds of the pupils in all the 
philosc^fehical schools. It continued unquestion. 
ed ; and it was received as a truth beyond doubt 
that the principle of circular and uniform motion 
pervaded the physical world. At this time the 
book of Nature was not read but guessed at ; and 
from the most hasty and careless observations—if 
in truth they deserve this name — ^were drawn in- 
ferences of vast generality ; and on these unsatis. 
foctory foundations were erected theories of the 
system of the Universe. 

In this state Physical Science was handed 
down to the daric ages : over these it passed, and 
at the revival of letters the same maxims were 
received, and in precisely the same form. But 
the progress of the Philosophy of the Gospel gave 
birth to an influence ulterior and exterior to the 
Gospel itself. Men began to be taught by that 
system of Moral Philosophy, the true method of 
considering, arranging and classifying moral 
truths into a perfect and beautiful system ; and 
they soon learned to apply the same method to 
physical investigations ; and we accordingly find 
the first development of physical truth aj^aring 
just at the time when a right system of moru 
mvestigation and inquiry ha^ taken root First 
came Copkrnicus. Up to this time our globe 
was conndered the centre of the physical uni- 
CoFERNicus dared to question this ; and, 
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by close observation and unfettered inquiry, soon 
establidied the theory, which had been formerly 
hinted at by Pythagorus, that the Sun was the 
eentre of our System. But slight advances were 
made in these inquiries at the dawn of the revi- 
val of letters. Soon after, however, there i^ 
peered in the firmament of Science several stars 
of the first magnitude. Kepler had not as yet 
completely fteed his mind from the thraldom of 
the ancient nystem ; he would not relinquish the 
theory that . circularity and uniformity were the 
condition of physical perfection as apphed to mo- 
tion. Still he began to feel that the observations 
of the Ancients had not been carried to a suffi- 
ciently great extent ; and he believed it his duty, 
prescnbed alike by reaso&'and philosophy, to open 
the book of Nature and read it with more careful 
diligence. He selected as the first subjeot of his 
inquiries the orbit of One of (be most interesting, 
because one of the nearest planets to our earth- 
that of Mars. Kepler carefully observed the 
ways and goings on of that planet ; he watched 
it nom day to day and tracked it in its maroh 
through the pathlesa abyss of space. By a se- 
ries of observations, easily made, Kepler was 
able to ascertain fh>m week to week and tnm 
month to month, the distance of Mars from the 
Sun ; and he was not a little startled at first find- 
ing that this distance was not always the same. 
As happens in every neim discoveiy, he at first 
supposed that this was the result or an error in 
his calculations. This at least is a proof of hu^ 
mility — ^that the man of science should rather 
believe his observaticNis erroneous than that he 
has discovered a new truth. Keh.er believed at 
first that his observations of Mars were wrong, 
because Ihey showed that this planet was not al- 
ways at the same distance from the Sun.^ He 
soon found, however, that the results of this in. 
quiiy had 9, oharacter which ecror always wantf 
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— ^that of tmifonnity and consisteney ; that they 
had, in fact, the character of touth. He soon 
became coneciotii of the undeniable and naked 
fact that Mars was not always at the same dis- 
tance ^m the Sun ; but clinging^, with all the 
tenacity of prejudice to the old sirstem of cireo^ 
larity, sooner than give up his daning hypothens, 
he still assumed that it did move in a circle, 
but that the Sun was not in its centre. Thus, 
without sacrificing his theory, he accounted for 
the fetct that Mars was constantly changing his 
distance from the Sun. 

But haying once "broken the ice" — shaving 
once faDen upcm the inestimable practice of care- 
ftd investigation, instead of blindly following did 
and rooted theories, Kepler pursued his obsennu 
tions on the orbit of Mars. He ascertained in 
each successive positicm the distance of Mars 
from the Sun ; and was thus enabled* as any one 
would be, to lay down his oibit upon a charL — 
When he had done this, and endeavored to ac 
count, according to his observations, for its dis. 
tance at each succesaive interval, he found that 
even a circular orbit would not do it ; for the 
path laid down represented the orbit not as circu- 
kff, vnth the Sun either in or out of the centra. — 
He pursued his inquiries still farther ; and after 
carefiilly com^iaring his own observations with 
all those of his predecessors on which he could 
lay his hands, he became convinced that the path 
of Mars, instead of being circular, was oval — was 
in fact an ellipse. He found, also, that the S^n 
was by no means in the centre, but aside from 
this near one end of the oval — that in fact it 
was at one of the two points in an ellipse called 
foei. 

This was a discovery of a capital description. 
It inunediately subverted the received principles 
of Astronomy. But Kepler did not stop here. 
Having once disenchanted himself of his preju. 
dice for circularity, being once convinced that it 
was an attribute of perfection, he begaib to con- 
sider whether uniformity of motion was a neces- 
sary attribute ; and from a careful observation he 
found that the rate of motion which Mars had in' 
his orbit was not uniform. He soon saw that the 
farther the planet was from the Sun the slower he 
moved, and the nearer he was the faster he re- 
volved in his orbit. The principle of uniformity 
was thus at once dai^ed to pieces as completely 
as that of circularity had already been. Having 
satisfied himself that the motion of Mars was not 
uniform, his next ini^uiry was after the law, the 
rule, the physical pnnciples which governed its 
motion ; for that it was subject to some law he 
had no doubt. He observed the fact that the ve. 
locity continually increased as the distance from 
the Sun diminished, and thence concluded that 
there must be some close connection between the 
motion and the distance ; and after a patient in- 
vestigation worthy of modem time enlightened 
by the inductive philosophy of Bacon, Kepler 
arrived at another grand law of Nature. If, he 
found, we imagine a string to be carried from 
Mars to the centre of the Sun, and as the planet 
sweeps around this luminary — if we imagine the 
string to sweep over the space included between 
the two bodies, that string will move over equal 
spaces in equal tim^ ; not that the distance passed 
oyer by Mars in his orbit will be equal in equal 
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times^ bat the arMW--4lie nmnbar of %cte» or 
square ittile% if y^u choose, swept over by the 
•bring joiniag Mars and the Sun will be always 
e^ual for an equal time. The number of squara 
miles passed ever in one hour, will be the same as 
the number passed over in the next succeeding 
hour, and so for all the rest. Thus, instead of the 
theory of imiform velooity, was substituted that 
of umform areas swept over by this connecting 
line. 

Here then was another law of the highest or. 
der of generalitv. But as yet this law had only 
been establisheci with reference to a sin^ planet. 
Kepler had only applied it to Mars. But once 
engaged in this investigation, his natural keea. 
ness of mind led him to obtain the means of ex- 
tending it to all the planets ; and he found that 
they aU move in paths round the Sun, not as his 
predecessors had always supposed, in circles, but 
m ellipses with the Sun in one focus, and that 
they all sweep around the Sun, not with one mo. 
tion, but with a velocity in virtue of which apace 
swept over, by a line joining them to the Sun, 
woidd be equal for equal times. These were two 
of the first grai^d results of the inquiries of this 
great astronomer. Another of scarcely less im« 
portance has joined with these to confer immor. 
tahty upon his name. In comparing the times 
required by the different planets to complete their 
revolutions around the Sun, and in reference to 
the mean or average distance of each, he discov. 
ered a still more striking fact : namely, that if 
you take the number of days required by any two 
planets to sweep around the Sun, the squares of 
these will always have the same proportion to 
each other as toe cubes of their mean distances 
from the Sun. This law was ejipressed by this 
familiar formula : that the squares of the periodic 
times are in the wme proportion as the cubes of 
the distances. 

These three grand principles have conferred 
immortality on the name of Kepler. He was 



soon succeeded by a mind of vast power, one to 
which, perhaps, has been ascribed a greater de. 
gree of sagacity than it merited, but which was, 
nevertheless, great indeed. The principle to 
which I have dluded, as contrasted with a vicious 
habit of reasoning, namely, an accurate and dili. 
gent observation of the course of nature, instead 
of the vain imaginations of our own minds, com., 
menced by CopERificus, was brought into a higher 
state of activity by Kepler, and carried to its 
hight, as I shall hereafter ^ow, bv Galile q.^ 
^ut a mind soon after arose whicn, thot£& not 
the inventor of the inductive principle, still dis. 
covered that the careful observation of nature 



the only way of amying at the discovery of phi. 
losophical truth. (Tliis vast and all pervading 
principle he saw with a keen and observing glance, 
and enforced with an eloqu^ice of surpassiog 
power and truth ; and thenceforth the inductive 
philosophy became the basis of all philosophical 
discoveries. It was seen that careful observa. 
tpn and an accurate judgement were absolutdy 
necessary, and that by such comparison alone, 
could physical truths l>e advanced. This mind, 
as you of course already understand, was Ba^ 
<?OM'«k- Those who would disparage the discove- 
ries of modern philosophy dechire that the induct- 
ive process had long Defoie l)een practiced. So it 



L 



Lardna'* Leelvret. 



73 






had ; but Bacon was the first who embodied it in 
a system of philosophical method and laid down 
the general rules by which it may be carriedout. 
He showed the manner of classifying the multifa- 
rious phenomena of the outer world — ^pointed out 
the method of cross-examining nature herself. — 
He showed how, when various causes are found 
to answer for the same effect, infallibly to distin- 
guish the true from the false. 

Soon after Bacon had promulj^ated, in his great 
and immortal work, the Novumr Organumt the new 
method of scientific inquire, it was applied, with 
the highest success, by Newton. At the early 
period of his life, he was not a careful and accu- 
rate observer ; but he was a profound mathemati. 
cian, and he saw the whole T^ue and force of Ba- 
coF*s rules, and determined to carry them out in 
their application to Astronomy ; and nobly did he 
fulfil this purpose. The first fruit of his investiga- 
tion was this : He took the three great principles 
of Keplea — ^those splendid laws of nature which 
before were scattered and isolated facts, namely, 
that the planets revolve in ellipses with the Sun m 
one of the two foci ; that the spaces swept over in 
equal times, by a line joining the planet to the Siin, 
are always equal ; and finely, that the squares of 
the times are always in proportion to the cubes of 
. the distances-f^lung these three principles. New. 

• LON submitted them to careful inquiry, in accord- 

• i^ance With the method of BACoi^ 

^ The very first conclusion at which he arrived 
was pregnant with importance. He showed this : 
It had been proved that when one body moves 
round another as a centre, the areas swept over in 
equal times, by a line joining the two bodies, are 
equal. This was of consequence only as viewed 
by this principle, established by the most demon- 
strative reasoning by Newton, that the body round 
which the other moves is a centre of attraction ; 
and hence springs the conclusion, that the Sun, 
round which the planets move, must be the centre 
of attraction for the System. This was the first 
step in the discovery of the grand principle of gra- 
vitation — the central and animating principle of 
the Solar System. 

But NeVton went farther. He took the other 
discoveries of Kepler and said, that, if one_body 
should revolve around another in' an ellipse with 
- that otheinirs~f(Kms^^atevBftJe"t!ie na^^ 
force, it miisfbe such~£fiatil shall decr ease as Che 
distance increases; arid this he 8h6wc'd*by a'iiiost 
beautiful mathematical demonstration. This was 
nothing more than an ittcidenfaJ consequence of 
tfib elliptical jBharaTipteror^^ bfbit ; and as all 
planets move round the &un in elliptical paths, 
with the Suifih one focus, Newton proved, by one 
sweeping proposition, that the action" of the ^un 
upon Qie pleth et' au gmented as the square of the 
distariccT'dimihisliea. Newton fhu^' showed, by 
K:^y^ER's^ §rst prmciple, tl iatthe Sun Was'the cen- 
tre oTaFtSictlohVahd By the second what is its law," 
This law of gravitation once established, all the 
other truths respecting the planetair motions were 
but corollaries from this. The thirdf proposition of 
Kepler was easily disposed of, as it warshown to 
be only a consequence of the elipticity of the pla- 
netary orbits. 

Thus sprung out the true method of philoso- 
phizing, commenced in the time 'of Galileo, pos- 
jttssed and improved by Kepler, methodized and 



brought into a re^ar system 1>f rules by Bacon, 
aud practiced with most illustrious success by 
Newton, that theory of gravitation which is the 
boast and pride of modem philosophy. 

I have mentioned that before the time of Bacon 
the true method of philosophizing had been prac- 
tised with considerable acumen and success. 
Among the discoveries thus evolved, one of the 
most interesting is that of the pressure of our at- 
mosphere. We are all familiar with the fact that 
air is eictremely light — that it is impalpable and 
quite invisible, and that so attenuated is its nature 
that it is always taken as a type of every thing 
spiritual ; yet it has been proved that this material, 
Ught as it seems to be, has nevertheless, a weight 
of fifteen pounds for every square inch of surface 
on which it rests. This fact is of recent discovery, 
and was unknown to the ancients ; and, indeed, 
from its very paradoxical nature it must have been 
received slowly and with distrust. The effects of 
atmospheric pressure were too obvious not to have 
attracted attention at a very early period. The 
rush of air into the mouth when the lungs -are in- 
flated was obvious, though no satisfactory expla- 
nation of the phenomenon was given. The word 
auction was used to Express the principle now 
known to belong to nothing more than the weight 
of the atmosphere. The first and most familiar 
effect, from which, indeed, the word is taken, is 
this : that when the mouth is applied to one end 
of a tube, the other end resting in any liquid, upon 
drawing the air from the tube, the liquid rises and 
fills the mouth. This effect was ascribed to the ~ 
unknown and imaginary principle called miction* 
The use of the common pump was perfectly known 
antecedent to the time of Galxleo ; it was known 
that on raising the piston, the water would follow 
it. The cause which elevated the water was un- 
known to the aiicients, but was explained by suc- 
tion. This was the vulgar explanation, but philo- 
sophers so visionary as the ancients would hardly 
rest satisfied with the mere word as the explanation 
for a physical . fact. They therefore got up, as 
was their wont, a high sounding maxim — express- 
ed in poetic phrase, and said that nature ahhors a 
vacuum. Thus they personified Nature and in- 
vested her with a certain kind of moral feeling— of 
mingled dread and fear,and this of a space where 
there is nothing. This, like the circular hypothe- 
sis, was laid down as an incontrovertible maxim, 
and no one dared to dispute the assertion that Na- 
ture abhors a vacuum. This accounted, and to 
them satisfactorily, for the elevation of the water 

the pump. The pistons when raised, would 
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cause a vacuum in the pump if the water did not 
follow it ; but Nature abhors a vacuum — therefore 
the water follows it. This was their demonrtra- 
tion, and it was received and taught by sages quite 
as wise as the philosophers of the present day. It 
happened during the life-time of Galileo, and 
while he yet had a name and considerable autho- 
rity in Italy, that a pump-maker near Florence had 
occasion to sink a cyUnder to an unusual depth. 
Having sunk the pump, he attempted to draw up 
the water to the height of about forty feet ; but 
he found that it would not follow the piston farther 
than about thirty-two feet. At this he was tremen- 
dously puzzled, and had recourse to the greatest 

" for an explana 



philosopher of the day, Galileo, for an ea 
i tioQ, S^d he, * What is this ?— we have 
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xnort eztraordinaiy circumstance, to be sure ; the 
water will riae to the height of about thirty.two 
feet verv readily — bat bejrond that it will not go at 
all.* The tracbtion is that Galileo made answer 
that * the abhorrence of nature to a vacuum is lim- 
ited ; that she abhors c vacuum up to thirty.two 
feet, but that beyond that she has no objection to 
it.' This answer of Galileo is believed by many 
to have been izonical, and that the philosoj^er 
really had some inkling of the truth, but that not 
having quite satisfied himself of it he got rid of the 
bore-'-oi the pump-maker and not of the pump- 
by this evasive answer. Others declare that he 
meant what he said, and that he really believed 
that Nature's abhorrence to a vacuum was limited 
to a hight of thirty-two feet. 

Be that as it may, it is certain that Galileo 
never |rave the true explanation. He left the fact 
where it was. He is said however, to have given 
a reason for it hke this : That the base of the pis- 
ton had a specific attraction for water ; but that 
this attraction had not sufficient energy to raise the 
fluid higher than thirty two feet. I do not know 
whether Galileo ever hdd this opinion, poor 
as it is or not ; I have never seen it in his works. 
In this state the matter remained till after the 
death of Galileo. He had a distinguished pupil 
named Toricblli, and to him he b^ueathcd the 
honor of the solution to this question. After lus 
death, Toeicxlli apphed his mind vigorously to 
it and produced one of the most beautiful solutions 
ever given of any physical problem. He at first 
suspected that the pressure of the atmosphere 
upon the surfece of the water outside of the cylin- 
der, was the agent which forced the water within 
to follow the piston ; he saw that if this was so, 
this pressure must support a column thirty.two 
feet m hight, and he proposed to submit this to ac- 
curate experiment. He said : Now if it be the 
pressure of the air which sustains this column, it 
sustains it merely as it would a given weight. Now 
if I can manage to get another jQuid, as oil, which 
has a different weight from water, then, if my theo- 
ry be correct, the pressure of the atmofiphere must 
sustain a column of this fluid differing in hight from 
that of water ; if the fluid be lighter the column 
will be higher ; if heavier the column must be 
shorter. For convenience sake he used quick, 
silver in his experiment, which is thirteen or four, 
teen times as heavy as water, and therefore ought 
to give a column of only about thirty inches. To 
submit this to the test, he took a glass tube open 
at one end and closed at the oti^er ; this he filled 
with quicksilver, and placed the open end in a vessel 
of the same liquid : Now, said he if the pressure 
of the air support a column of water it ought to 
support a column of quicksilver of the same 
weight, and this he found to be precisely the 
case. 

Now you would suppose that such a demonstra- 
tion as this of a fact bo important and interesting 
would satisfy every one. But you must remember 
the trammels of prejudice — the desperate toiacity 
with which men clin^ to long received opinions. 
This demonstration did not convince every one ; 
on the other hand it convinced very few. Some 
few assented to it, while the majority thought 
that it had not been sufficiently i)roved. Some one 
was needed to iqtply to the section the final test^ 
to apply what Bacon calls the experimentum 



erucis. This one was soon found in Paschal, 
with whose name and works you are all'doubtleBB 
acquainted. Although he firmly believed that the 
explanation of Toricelli was the ri^ht one, he 
saw that an experiment was still wanting which 
should put it past all doubt, and this experiment 
turn erudSf or experiment which, when there 
were two or more methods of explication apparent- 
ly of equal validity, should point out decisivdy the 
true and the false. Paschal prepared to supplv. 
He reasoned thus: If the weight of the air be 
the principle which sustains the xnercurv in the 
tube, if I carry the tube up in the atmo^here to a 
great hight, as a portion of the sustaining air is 
thus left behind, the mercury ought to fall ; but if 
some other cause be the true one, it will remain at 
the same hight. Pascbal accordingly wrote to a 
friend Uving near a mountain in Auvergne, in 
France describing the experiment he wished to 
make ; * and now,' said he, ' as I have no conven- 
ient means for accomplishing this, pray fill a glass 
tube with mercury in the manner described, take 
it up to the top of your neighboring mountain, and 
see if it do not faU several inches.' His friend 
obeyed his wishes, and found the result just what 
had been anticipated. As he carried it toward the 
top the mercury continued to fall. Paschal 
soon after repeated the experiment on one of the 
high towers of Paris— that of Notre Dame, I be- 
lieve — and to his complete satisfaction. A hap. 
pier or more beautiful illustration of what Bacon 
meant by the experimentum cruets can scarcely be 
found in the whole range of Physics. 

The barometer, the principle of which I have 
thus been describing, is, as you are all aware, 
often called a weatherglass. It is not my pur- 
pose at present to go into a description of the ba- 
IOmeter ; but I may speak briefly of what the ba- 
rometer does really indicate, and what it does not. 
And in one word I may say, that it indicktes no. 
thing else than the weight of the atmosphere. If 
taken to' another part of the same building — if it 
be taken to the t(^ of a church toww, the mer. 
cury in it will fall ; for the weight of the air it 
measures is now less than before. If it be kept 
iiva ^ven place, the mercury will stand at difler. 
ent bights at difierent times from the operation of 
various causes. Upon the barometers usually 
constructed, are engraved, at dififerait hights, the 
difierent terms, " fair," " foul," " rainy," &c, as 
if the condition of the atmosphere was indicated 
or predicted by the hight of the mercury. That 
this is not the case any one will be convinced by « 
Consideiing that a barometer may indicate fair 
weather at the bottom, and foul weather at the 
top of a church steejde, since the hight of the 
barometric column will be difi*erent for the two 
positions. 

What, then, are the indications of the barome- 
ter to be relied on ? This is not readily answered, 
as none of its indications are invariably true. All 
that can be said of its promptings is, that certain 
effects will probably follow certain changes. As 
a general rule, if the barometer suddenly falls, 
foul weather may be soon expected; and if it 
suddenly rises, fair weather will probably follow. 
These rides, however, are greatiy mo^fied by 
various circumstances. In summer, if it suddenly 
falls, thunder may be expected ; and if in winter, 
a fixwt. These can only be relied on as prolMible 
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indication ; as to the terms upon the barometer, 
they are perfectly futile, and should not be there. 

DEW. 

A second and striking natural phenomena se. 
lected for analysis this evening is that of dew. 
This is rendered celebrated for the extremely 
beautiful investigation out of which the discovery 
of its theory arose. We are indebted to an emi. 
nent natural philosopher, Dr. Wells, for this 
theory, and h« developed it complete in all its 
parts ; and I am sure that you will consider it 
most beautiful and satisfactory if I can succeed 
in making it as clear as I ought to do. When 
any natural phenomena is to 1^ examined, and a 
clear cause assigned to it, the first duty of the 
inquirer — though unfortunately it is one not al- 
ways observed, is to obtain a clear conception of 
the thing or the effect itself, which we propose to 
examine. In an inquiry into the nature and 
origin of dew, it is necessary first to distinguish 
it from other things which ma^ be supposed to 
resemble it more or less. For mstance, it is not 
rain : rain falls in drops, regularly formed in the 
air before they are< deposited in the earth's* surface. 
Dew does not : nor is it ever known to exist in a 
liquid state until it touches the body on which it 
is deposited. Rain falls : dew collects. Rain is 
never driven upon the under side of a leaf : dew 
is as likely to be found there as elsewhere. Nor 
is dew the same as fog ; for fog never exists un- 
less there be dampness in the atmosphere, while 
dew is never found unless the sky be clear and 
the air dry. You see, then, what dew is as dis- 
tinguished from other objects. We find it exist- 
ing in objects upon the surface of the earth, a 
clear, pellucid drop ; but in order clearly to inves- 
tigate its character, one must open the Book of 
Nature and diligently read its pages. The an- 
cients set up lofty theories, which they only 
thought of supporting : the modem philosophy 
submits Nature to the severest examination, and 
extorts from her the trath. Wh^ any question 
is proposed for investigation, the first and most' 
natural inquiry is, whetlier there be any other 
iiniilar effects ; for if there are, they are probably 
owing to the same cause ; and if this be known 
in the latter c^se, of course it is in the former 
also. 

'Bvery one must have observed that if a glass 
decanter, filled with cold water in a warm day, 
be set upon a table its surface will soon be covered 
with a cloudy film, which soon forms itself into 
large pellucid drops, which have all the charac 
tenstics of dew ; now of this appearance upon 
the decanter we perfectly know the cause; the 
watery particles which always in warm weather 
are suspended in the air, are condensed by the 
coldneiss of the water and deposited upon the sur- 
face of the decanter where they come in contact. 
Now, said Dr. Wells, if the phenomena of dew 
so closely resembles this which I witness upon the 
decanter, why may it not have the same cause ? 
He, thereupon, endeavored to trace closely the 
suialogy between the two. He knew that mois- 
ture was deposited upon the decanter because 
the decanter was colder than the air around it. 
To bring the bedewed object into the same predi- 
cament it is incumbent to show that this object is 
colder than tiie surroonding air. If this be 



proved, one real step will have been made in the 
mvestigation. This Dr. Wells clearly saw ; and 
he likewise saw the necessity of applying to na- 
ture for this proof. He took two thermometers 
and plimged one among the leaves of plants in 
the mght lime when the dew falls ; the other he 
suspended in the atmosphere some two or three 
feet above the leaves. He watched these two 
thermometers during the night, and found that 
the one among the leaves was 20^ lower than the 
other. Here he had made one real step in the in- 
vestigation ; the analogy of dew and the drops on 
the decanter thus far was complete. 

Now, said Wells, we have got this important 
point ; the dew is deposited upon the plants be- 
cause they are colder than the surrounding air. 
The air always sustains a quantity of vapor ; 
and the plants, having lost their temperature, 
operate just as did the decanter of iced water, and 
a deposition of dew takes place. But another 
importcmt inquiry remained behind. What was it 
that cooled the leaves ? Surrounded by warm 
aur, why should they be cold ? Mark the beau, 
tifiil conclusions to which this inquiry gave rise. 
To answer the question the first tlung was to as. 
certain the physical circumstances under which 
they did not become cold ; it is not on every sum. 
mer night that dew is deposited ; and, said he, if 
I find one of them, I will see whether the plants 
are then cold. He made the trial, and found that 
the plants and air were then of the same tempo, 
rature. 

Another striking difference between dew and 
rain or fog is this : that it selects the objects on 
which it is deposited. It will not fall on all alike. 
Now Dr. Wells said that in order to trace the 
phenomisnon to^ its original cause, it is necessary 
to see what is the physical character of the bodies 
on which it is deposited, to distinguish them from 
those on which it is not. It falls by preference 

on the flowers, blossoms and leaves of plants. 

Look at the bell of a summer flower, and you find 
hanging dew-drops like pearls upon it. Look 
upon the earth, the stones and flags, and you find 
there is none dejwsited. What is the physical 
characteristic which distinguishes these plants 
from other objects ? Dr. Wells decided on inquiry 
that dew fell most copiously upon those objects 
which were the best radiators of heat ; wiiile upon 
those which scarcely parted witli their heat at all, 
there was none to be found. Here then was an. 
other important step, and here, said Wells, I have 
the key by which I shall open this secret and find 
out what IS the cause of dew. 

There was another inquiry : Dew not only 
elects certain objects on which to fall, bat certain 
nights during which it is deposited. The same 
body which is bedewed this momm^, to-morrow 
morning shall be perfectly dry. It is found that 
dew never falls on a cloudy night ; it is absolutely 
essential that the night be clear. Thus there must 
be something in the clouds which is connected 
with the deposition of dew which the clear vky 
has not ; and it must have some reference to heat, 
for this is the a^ent in operation. Again the 
principle of radiation suggested itself. The clouds 
are good radiators, while the sky radiates no heat 
at afi. We are then brought to this ; the depo 
sition of dew requires that the objects on which 
it frUls be good radiators, and that the hdareotf 
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above radiate not at all. It is clear, then, what 
makes the plants twenty degrees coldefrthan the 
air ; they themselves are continually throwing off 
heat, while from the heavens they receive none 
in return. Of course they must fall in tempera, 
ture ; then the vapor in the air is condensed upon 
them just as it was upon the decanter of iced 
water. This was the explanation of Dr. Wells 
of the theory of dew, and one more beautiful is 
scarcely to be found in the whole history of mod- 
em discovery. 

It was necessary, however, that some way be 
devised for the triad of the experimentum cruets 
with reference to tliis theory. For this purpose. 
Dr. W. selected a silver cup, which is a bad radi. 
ator, and placed it in a glass basin, which is a 
good one. He exposed them to a clear sky on a 
summer night. In the morning the glass basin 
was covered with dew, while the silver cup was 
perfectly dry. -He next placed a glass cup in a 
silver basin ; in the morning the cup was bedewed, 
while the silver basin was dry ; upon a cloudy 
night no dew was deposited upon either. This 
left no possible room for doubt that he had'dis. 
covered the true theory of dew. 

In bringing before a public, assembled not in 
colleges or universities, but in this way coming 
directly irom the ordinary pursuits of business, 
examples of the extreme rigor of modem sci- 
entific investigations, I trast mj lectutes will be 
attended with one good effect, m additi(»i to the 
mental discipline every one must receive from 
listening to such reasoning ; I trust I will give 
you a stronger faith in the wonders every day 
discovered in science. You hear detailed the 
main facts, the results of scientific discovery ; 
and you are apt, I fear, to think that such theo- 
ries must rest on but slender evidence ; and that 
philosophers are induced by their ardor and enthu. 
siasm to give to the results of their investigations 
greater faith than they are entitled to. But I 
trust that in giving to you examples of the rigor- 
ous methods adopted to arrive at scientific truth, 
which are applied to all discoveries, you will see 
that philosophers do not credit a thing merely 
because it is marvellous ; but that in proportion 
as its wonderful nature is increased so much the 
more rigorous is the demonstration required. 

SCIENCE AIDED BT ART. 

On a form^ evening I had occasion to bring 
before you some of the wonderful discoveries of 
modem Astronomy, and I gave a general outline 
of the kind of reasoning and observation on which 
these discoveries are based. But I foimd it ne- 
cessary to draw upon your faith for the extreme 
accuracy of which certain observations are sus. 
ceptiblc. I was obliged to assume that astro, 
nomical instruments could be constructed capa- 
ble of making observations within certain limits ; 
and -^B I then stated, instruments are capable of 
measuring a variation of a second. 

I do not propose now to go into a detailed de- 
scription of these instruments, but only to give 
one or two examples of the manner in which 
art assists science in conferring this extreme ac- 
curacy on i)hilosophical investigations. The in- 
strument with which nearly aU accurate meas- 
urements are made, is called the mural circle. In 
the great observatories at Greenwich and Paris, 



the ground is first excavated until a solid rock is 
found. Upon this is built a tower of solid ma- 
soniTi so that it may be affected by no jarring 
motion of the earth. Aiound this tower is the 
building of the observatory. AU commonica, 
tion with the tower or floors, is cut off, so that it 
shall be affected by no motion but that of which 
the ^hole eaiih partakes. Against the face of 
this wall the murtd circle is placed; those at 
Greenwich, and, I believe, at Paris, are brass cir. 
cles, some six feet in diameter, accurately sus- 
pended on an axis, fixed in the wall, about which 
they tum. To the circle — the line of its direc- 
tion passing through the centre — ^is fixed a large 
telescope. When this is brougrht to bear upon a 
star, across the field of views is extended a sys- 
tem of fine lines — so fine, even, that when mag- 
nified by the power of the telescope, they appear 
like the finest hairs. It was long a desideratum 
to obtain some durable substance which should 
answer this purpiose. The first artist to whom 
application teas made for these threads was one 
taught, not by man, but by a higher power: the 
spider's web was for a long while used for this 
purpose. fivLt it was evident that it ^as perisha- 
ble, easily broken, and liable to many other ob- 
jections. A more permanent and indeed, finer 
wire was desired. But of these threads I will 
soon speak more at length. For the present we 
will return to the mural circle. 

When the telescc^ had been brought to bear 
upon the object as accurately as desired, it is fast- 
ened in that place firmly bj a ' clamping screw.' 
Then to make the observation, this circle, six feet 
in diameter and about nineteen in circumference, 
is divided into parts so extremely minute that 
they cannot be read with the naked eye. In or- 
der to be visible they must be subjected to a pow- 
erful miscroscope. But the angle almost always 
lies between two or three divisions, minute as they 
are : it is a mere casuality if it chances to fall ex- 
actly upon them. It is incumbent, then, to know, 
iiDt only the size of these invisible divisions, but 
even fractions of them. This is accomplished by 
a most beautiful contrivance. A "fine wire is car- 
ried parallel to itself by a screw so fine that to 
move the wire over one of these invisible divisions 
sixty revolutions of the screw are required; so 
that one revolution vriU move the wire through 
one sixtieth part of one of these invisible divisions. 
Now see the accuracy to which wc have arrived. 
The limb in the first place is so fine that it is only 
visible through a microscope ; this is subdivided 
by means of a screw, sixty turns of which move 
the wire over one of the divisions. This will be 
sufficient to show you that there are in the hand 
of the astronomer means of accurate measurement 
not possessed by any other department of Science. 

I will now return to the wires extended across 
the field of view in a telescope. The discovery of 
those -now in use is one of the most beautiful of 
modem theories ; and for it we are indebted to 
WoLLASTON, whom I have often mentioned, and 
whose acquaintance and friendship I am proud to 
have enjoyed while he was living. He saw the 
imperfections of the spider's web, and he felt that 
art ought to furnish something finer, far more 
durable and in every way to be preferred ; he re- 
solved to contrive a method of doing this, and 
contrive it he did, in the mode I will now explain. 
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WouLASTON took a cylndiical mould of very small 
diameter. Through the centre he extended a 
fine wire of platinum. He then filled the mould 
with melted silver ; after allowing it to cool, he 
withdrew it, and thus had a rod of silver with a 
rod of platinum in the centre. The silver was of 
ten times the diameter of the platinum wire. 

Having this, he submitted the compound wire 
to the process of wire-drawing, with which I pre- 
smne you are all familiar. It conasts of drawing 
the wire successively through holes of constantly 
decreasing size. In this process Wollaston 
knew that the mutual adhesion of the two was so 
great that the alv^ could not be wire-drawn with- 
out wirc-drawing the platinum also ; and that the 
proportion in which they would be drawn out 
would remain the same. He accordingly went on 
until he had reduced the silver wire to as great 
tenuity as it would bear — until it was .03 of an 
inch in diameter. Now, said Wollaston, I have 
got a thread of platinum within this silver wire 
which is only one-tenth of its thickness ; it is, then, 
only .003 of an inch in thickness, for the same 
proportion was preserved through the wire-draw- 
ing process. 

But how to get it out ? He bent tfie wire into 
the form of a U, with a hook at each end ; he then 
suspended it in a vessel of acid which was capa- 
ble of acting on silver, but not on platinum. The 
result was, that the silver was soon dissolved, 
while the platinum wire remained. He had then 
a wire of platinum so fine that the naked ey6 
could not see it. 

This seemed far "preferable to the spider's web 
for purposes of telescopic observation. I said that 
its thickness was only the .003 of an inch. Wol- 
lASTON himself states that he obtained a wire only 
one eighteen-thousandth part of an inch in diame- 
ter. You may judge, then, of the extreme degree 
of tenuity given to this metallic wire by consider- 
ing that of a piece of platinum as large as a die, 
used in backgammon, a wire which Would reach 
from here to Charleston might be made. 



LECTURE VI. 



SCIENTIFIC DISCOVERIES. 



Ladies and Gentlemen : In the programme 
of a former lecture — the one in which the subject 
was the modes in which Art imitate Nature — 
allusion was made to the forms affected by the 
feathers of birds, the tails of fishes, and the form 
of fishes themselves. Although it is a subject 
perhaps somewhat trite, it still never fails to ex- 
cite a certain degree of curiosity to observe the 
extremely beautiful manner in which the mechan- 
ism of these organized bodies is found. It is re- 
corded of a very eminent preacher that on one oc- 
casion he commenced his sermon by this exclama- 
tion : ** O God ! what a Geometrician art thou I" 
which was followed by a most beautiful and elo- 
quent essay upon the peculiar mathematical prin- 
ciples developfsd in the structure of organized 
bodies, and in many other natural objects. At 
one time during the last century it became a prob- 
lem of no litUe difficulty, and of considerable 
mathematical interest, to determine the best form 
that can be given to the sails of a wind-mill, ac 
cording to their varying distances from the revolv- 
ing vanes, and likewise from the centres of revo- 



lution. It will be recollected that the arms re. 
volve in a plane at right angles to the direction of 
the wind. It is obvious tliat if the sails were in 
a position exactly perpendicular to the arms, the 
wind would not strike them to any advantage, 
and there would be no motion. By placing them 
in a position partly perpendicular, and partly 
oblique, a revolution would follow more or less 
rapid according to the degree of obliquity, some 
angles giving more velocity than others. The 
velocity will also evidently vary according to tiie 
distance of the sail from the revolving arm and 
from the centre orrevolution. The question thus 
became a very complicated geometrical problem, 
as it proposed to determine the best possible posi- 
tion at every variation of distance and at every 
part of the arm. After all their labored solutions, 
and when the best possible form had been attained, 
it became evident that the result was a glaring 
copy of the wings of a bird, and that the problem 
had long before been solved by the * great Georae- 
trician' alluded to by the preacher I have men- 
tioned. 

Another^ mathematical problem of considerable 
difficulty for some time was to determine the solid 
of least resistance, as it was called : that is, to 
determine the form which a solid body must have 
to move through a fluid with the least possible re- 
sistance. It is evident that if a body, with its flat 
surface to the fluid, be pressed through water, it 
will encounter a very eonsiderable resistance, and 
the problem engaged the attention of Newton, 
and the other celebrated mathematicians' of the 
day, to determine the form of a solid which should 
encounter the least. After it had been solved, the 
result showed that the form given was that of the 
fish — so that the philosophers in solving it had 
only followed in the steps of Him who created the 
f}sh. In the tail of the fish is also found an ex- 
ample of art copying nature ; as it was found 
that a subaqueous oar fastened to the stem of a 
vessel and playing in the manner of a fish's tail, 
was a very emcacious propeller of a ship. The 
particular motion required was communicated by 
a steam engine. You may recoUect also the re- 
semblemce between the leaves of Ericson's pro- 
peller, and the tsiils of birds. 

Another subject which I should be glad to dis- 
cuss is that called Electrotype, It was found by 
Sir Humphrey Davy (and most fruitful did the 
discovery prove in his hands,) that certain bodies 
have a specific attraction for the opposite poles of 
a galvanic battery ; ' and from this resulted the 
process called * Electrotype,' in which, by collect, 
ing the metallic element at these two poles, a form 
will be obtained like a casting of the particular 
object. I have been shown a very curious model 
of this kind by Mr. Frost, of Brooklyn, which I 
hope to be able hereafter to exhibit to you. 

Another topic, announced in the programmes 
but hitherto untouched, illustrates in a remarka- 
bly beautiful manner the way in which the vari- 
ous branches of science and arts minister to each 
other — each receiving from the other some unex- 
pected benefit. The history of the discovery of 
Iodine is extremely interesting. It was about 
the year 1812 that Courtois, a French manufac- 
tilrer of salt-petre, I think, found that the liquid 
residuum of the process of his manufacture pro- 
duced a corrosion of the metal vessel — ^which I 
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think was copper. That this proceeded fiom the 
action of a chemical a^nt he had little doubt ; 
and he accordingly took it to a celebrated chem- 
ist, M. Clement, who, on examining it, found that 
it was a principle not before known in Chemistry, 
— that it was a substance new to him. It proved 
to have certain properties bearing a close resem- 
blance to the CUormes, and in some respects to 
oxygen. At first, Clement did not succeed in 
fuUy investigating the problem or in settling its 
nature ; and it fefi into the hands oi Gat Lussac 
and Sir Humphiiey Davy. The result was the 
discovery of a chemical substance not only new 
but simple— that is, of^a substance not at that time 
known to be decomposable into constituent parts. 
By no known tests could it be resolved into two 
or more substances; this, in the strict nomen- 
dature •{ Chemistry, is the meaning of the term 
simple : — ^that by no hitherto discovered test can 
it be decomposed, although future discoveries 
may prove it a compound. When Davy and 
Gay liUSSAC then discovered that Iodine was a 
simple substance, all thev did was to discover that 
it could not be resolved by any then known tests. 
It was taken, then, as one of the simple sub. 
stances, and diowed a striking analogy to others, 
such as Chromine, Bromine and Oxygen. 

This discovery remained for some time on the 
surface of Chemistry — ^barren as to any useful pur- 
pose,^ though Iodine was found to have a strong 
affinity for the metals, and to combine readily 
with various ample substances. The diecovery 
of the principle, as I have said, originated in the 
process of manufacture of sea- weed, which was 
used by Courtois. He soon traced it to other 
marine productions, to sea-water, salt mines, &c. 
It was soon after discovered by an eminent philo- 
sopher, still living at Geneva, Dr. Coindet, who 
had given considerable attention to Iodine, by an 
instinct characteristic of great minds, that it might 
be an active agent in certain remedial processes. 
It was known that in the Alpine dictncts a dis. 
ease called the goitre, manifested itself by fright, 
ful swellings on the glands of the face and neck, 
had been cured, not by the regular practitioners, 
but by the village empirics, by the use of burned 
sponge. Dr. Coindet, knowing this fact, suspect- 
ed that the virtue of the burned sponge might be 
owing to the Iodine contained in it. He tested 
it by experiments in his practice, and since that 
time Iodine has figured prominently in the prac 
tice of medicine. 
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"^ Another subject to which I will ask your attention 
is that ofi9oun<2, which presents many interesting 
circumstances, and is capable of easy and intelligi- 
ble explanation. Sound is produced by certain pul- 
sations, or undulations, imparted to the atmosphere 
by the sonorous body, and conveyed to the drum 
of the ear, which Is constructed with a view to a 
susceptibiUty of their vibrations; thence the im- 
pression is conveyed to the sensorium, and the 
sensation of sound is obtained. The fact that the 
atmosphere is really the medium through which 
Sound is conveyed is easily proved. If a bell be 
suspended in the receiver of an air-pump, while 
the air continues in the receiver, the sound of the 
bell, if struck, will be audible ; but if the air be 
exhausted, it will diminish in intensity until it 



finaUy becomes quite lost. To make this eaqieri- 
ment succeiifolly, the bell must be suspended by 
some inelastic substance which will not convey 
Sound. That Sound depends on the density of 
the atmosphere for its loudness, is shown by the 
fact that when Saussure ascended Mount Blanc, 
he found it extremelj difficult to make himself 
heard by his compamons if they were at any little 
distance from each other : and the same thing has 
been proved in the case of the Himmelaya Moun 
tains. 

But although air is a medium for the transmis. 
sion of sound, still it may be conveyed in other 
ways ; and a beautiful experiment tned at Paris 
shows that metal is a better conductor of Sound 
than the air. A very long metallic tube was pro- 
vided, and one end of it was struck, while an ear 
was placed at the other end to hear the sound. — 
Two distinct sounds wero heard — one conveyed by 
the metal, and the other by tiie air — and the first 
was heard the soonest by a certain short interval. 
All substances which will convey Sound must be 
more or less elastic ; and in proportion as the elas- 
ticity produces regularity of vibrations, it is found 
that it acquires the character of a musical sound. 

In the examination of Sounds there are three 
distinctions made, which are known by these 
names, (although we have no very good English 
terms for) — HIm pitch, the intensity ^BJidihe qvmity. 
The pitch of a Sound is what is called the note m 
music ; for instance, the note produced by striking 
a particular key of a piano-forte is of a certain 
pitch — either higher or lower. The intensity of a 
Sound is a name merely expressing the degree of 
loudness ; it is evident that a sound may have the 
same pitch as another,and still be of a very difiTer- 
ent degree of intensity; thus, the same note of a 
piano-forte if struck nist with the soft pedal up 
and then down will be of the same pitch but of 
different intensity. The third character of Sound 
is its quality, which is hard to describe, as we 
have no good terms to express what it means. I 
can only explain it by an example. If the string 
of a guitar be struck, it will produce a certain note 
in the musical scale ; the string of a piano-forte, if 
struck, may produce a note of the same pitch and 
the same intensity ; but the two will still be of 
very dififerent quidities. The same note on the 
flute, or a clarionet and on a hautboy, though it 
may be of the same pitch and intensity in afl the 
cases, will be of a very difiTerent quality. If the 
science of acoustics were sufficiently advanced, 
we ought to be able to define precisffly tiie mecha- 
nical circumstances by which all these are distin- 
guished from one another — ^to state the number of 
vibrations in tbe air requisite for each. If a ham- 
mer be struck upon an anvil, upon a stone, and 
upon a piece of wood, the sound in the three cases 
will be of different qualities ; but if jrou ask the 
scientific or mechanical distinction, we are unable 
to answer ; though, if the science were sufficiently 
advanced, we ought to be able to tell the numb^ 
of vibrations in each case ; but at present this 
cannot be done. 

Sounds, in order to be musical, must be pro- 
duced by vibrations' which must be continuous and 
regular ; they must be caused by a continued suc- 
cesfflon of equal and regular vibrations of the air 
caused by the sounding body. Unless this be so, 
the sound will not be musical. The object in the 
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construction of musical instruments, thttt, must be 
to procure the bodies which will ettuse, under all 
yibrations, an equal number of vibrations in an 
equal time. The first and most simple of these 
bodies and the earliest employed were musical 
strings, and as these appear tlie easiest way of ex- 
plaimnff to a popular audience the theory of 
musical Sounds, I shall continually refer to them. 
If the string of a violin or guitar be drawn from 
its position of rest and allowed to return, it will 
not stop at its position of rest, but will pass beyond 
it, then its elasticity will cause it to pass to the 
opposite side, and thus it will continue to vi- 
brate from one side to the other ; and every vibra- 
tion of the string imparts to the air a correspond- 
ing pulsation. The string at first will pass to a 
greater distance from the position of rest than af- 
terwards ; but the time required for each vibration 
will be equal, whatever be the length of the vibra- 
tion. So long as the string ^oes on in this vibra- 
tion, pulsations are commumcated to the air and 
thus conveyed to the ear : and the number of vi- 
brations for each second will always be the same 
for the same string. That each vibration, whether 
long^ or shorter, will require the same time, will 
be evident from this consideration : that when we 
draw the string from its position of rest, in the first 
place, the force with which it tends to return is 
much greater than when, by the resistance of the 
air, the vibration of the stnng is diminished : it 
will consequently return with greater rapidity in 
the former case than in the latter. It is found 
that this admits of strictly mathematical demon- 
stration; but this is not of a character to be exhi- 
bited to a popular audience: it -is sufficient to 
state that it is capable of geometrical demonstra- 
tion — ^that the time taken in the one is precisely 
equal to that required in the other, because the 
greater the space to be passed over, the more 
energetic the tendency to return, and consequently 
the velocity is greater in the same proportion; — 
Thus when we pass the bow of a violm over one of 
its strings, whether with greater or less force, 
whether the vibrations produce a loud, or light and 
whispering sound, still the number of vibrations 
for each second is in both cases the same. The 
sound will not differ in pitch but in intensity. In 
the same way, if the string of a piano-forte be 
struck with greater or less force, the divergence 
in the former case is greater than in the other, and 
the notes therefore differ in loudness. The sanie 
principle anplies to all the modifications of musical 
instruments, if they be played as they ought to 
be, which, to say the truth, is not always the case 
—especially with the flute. A judge of musical 
instruments has said that it is phjsically impossible 
to play the flute in tune ; that if one note be cor- 
rect another will not ; and this is, to some extent, 
at least, perfectly true ; for the volume of air put 
into vibrating motion, depends to no inconsid- 
erable extent, upon the embouchure or mouth, 
which is constantly varying : so that the same 
fingering may actually produce different notes 
in different cases. This is an incurable defect 
which attaches to the flute— that the vibrations 
produced are imcertain. This is not the case with 
stringed instruments. 

Having thus explained in a general way the 
principle on which the musical character of Sound 
depends, I will now endeavor to explain the cir- 



cumstances on which the effects of combined 
Sounds depends; this is simple and admits of 
strictly scientific investigation. If a musical 
string be divided in the centre — ^for instance if the 
string of a violin, between the bridge and the nut, 
be bisected and stopped in the middle— and if the 
one half be struck, the note produced will be an 
octave to that of the whole open string. This is 
a natural fact to be decided by the ear. It admits 
of mathematical demonstration that the number 
of vibrations produced in each part of the string, 
will be double that of the whole string ; or m 
general terms, that so long as the tension and ma- 
terial of the string are the same, every change in 
length produces a corresponding change in the 
number of vibrations : as the length is diminished 
the number of vibrations will be mcreased ; if one 
half the string be struck the vibrations wiU be 
twice as many for the same time, as in the whole 
string ; if one-third be struck the vibrations will 
be three times as rapid, &.c. The division may 
be carried on to any extait and the number of 
vibrations in a given time will vary in inverse pro- 
portion to the length of the strings. 

This leads to a striking and interesting conclu- 
sion respecting thcprinciples of harmony. If you 
sound a note with its octave the ear readily dis- 
tingruishes them, so complete is the harmony. But 
it may be asked, why should the simultaneous pro- 
duction of these two sounds produce an agreeable 
sensation, as it is known to do ? This is eamly 
explained. You will all admit that one half of 
the string if struck will vibrate twice as fast as the 
whole ; now if both be struck at the same time 
the ear listens to both together and its mechanism 
is so constructed that it is capable of receivinjgr 
both effects without interruption. But how is thifl 
possible — ^that the ear drum should receive two 
systems of pulsations, the one being twice as fast 
as the other ? This question belongs to a large 
class of phenomena, and admito of illustration by 
the principle of waves. If a pebble be dropped 
into a smooth pond of water^ it will cause a circle 
of waves to spread from the centre at certain in- 
tervals from each other. Now if, while this one 
system of waves is propagated, another pebUe be 
let frdl in the same place, that will produce a dif- 
ferent system of wavelets — either greater or less ; 
yet the two will go on to be spread over the sur- 
face of the water, nor will they interfere with each 
other — ^the one passing over the other. Yet the 
eye perceives both distinctly. This is the case 
with the pulsations in the air, where there are two 
different Sounds. The number of pulsations for 
each minute, received by the ear from the long 
string is only one half of the number received 
from the short one ; and the intermediate pulsa- 
tions are broken. The consonance of the two 
Sounds depends on the coincidence of every other 
vibration in the short string with every vibration 
in the long one. 

These observations lead to an inquby as to the 
power we possess of counting the numlierof these 
vibrations. I have told you that this admits of 
strict mathematical computetion ; but as this can- 
not be exhibited profitebly to a miscellaneous au- 
dience, we must have recourse to another means 
of determining it, which does admit of popular 
explanation. I do this the more willingly as it 
will bring to your notice a most beautiful Uttle 
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phfloflophical instrument, called the SirenCf by 
which the vibrationB may be comited and regie, 
tered, invented by a French noble, the Baron 
Cagnond de la Tour. It may be described in 
this way. Suppose a metallic tube, open at the 
end like an organpipe, to ascend to an orifice 
through which &e air in it may make its escape. 
Two circular plates, one directly behind the other, 
ore so arranged that the air from the tube can es- 
cape only by passing through holes placed around 
the outside of the cu'clcs at short intervals from 
each other. One of these plates is fixed in its 
position ; the other, by rcvolvmg, causes the holes 
to pass — first, directly before the holes in the 
other, (in which position the air may escape,) 
and then before the spaces between the holes in 
the hinder circle, (when the air is interrupted and 
cannot escape.) Imagine the circle then to be 
turned rapidly ; the air will escape when the holes 
in the two are directly opposite each other, and 
be interrupted while passing from one to the 
other ; so that it will be discharged in a series of 
puffs ; and if the motion of the revolving plate 
be regular, the pulsations of the air will be regu- 
lar ; and if the motion be sufficiently rapid, a mu. 
sical sound will be produced. Now, if by any 
means, the motion of the plate can be regulated, 
we can make the pulsations succeed each other at 
what rate we please ; and thus, if it be rapid, the 
note produced will be high ; if slow, it wiU be 
low. But something stm remains : we must 
have the means of counting the number of pulsa. 
tions in a minute ; and noSiing can be more sim. 
pie or beautiful than the arrangement for this pur. 
pose. On the aids of the circle is a toothed 
whed, which imparts motion to hands which play 
upon dials like those of a clock. For every revo- 
lution of the circle the hand passes over one of 
the ten divisions on the dial ; so that in ten revo- 
lutions of the circle, (he hand will have passed 
completely round the dial. Now another dial is 
so connected with the first, that one complete re- 
volution of the hand of the firet i^all cause the 
hand of the second to pass over one division, and 
ten revolutions of the first will cause one of the 
second. There is still a tliird dial, one revolution 
of the hand of which corresponds with ten of , the 
second, of course with one hundred of the first. 
A fourth is also provided, one revolution of the 
hand of which corresponds with ten of the third, 
one hundred of the second, and one thousand of 
the first. It will be seen that the system of de- 
cimal notation is here completely pieserved. Now 
in order to count the number of revolutions of 
the circle, and, consequently, the number of vibra- 
tions of the air, all we have to do is to watch the 
hand on the fourth dial plate. Let us see how 
this is to be applied. If the tube be connected in 
any way with the bellows of an organ, so that 
air may be driven through it, it will cause the 
cu-cle to revolve with greater or less rapidity, and 
a musical sound will be produced. The question 
is to know how many vibrations are necessary to 
produce, for instance, the note A, or any other 
note of the musical scale. We have nothing to 
do but to go on giving greater and greater velo- 
city to the circle, until the musical sound pro- 
duoed is. found by the ear to be the note required ; 
then observe the number of revolutions of the 
dial hand for any period of tim^— as for a min- 



ute — and jrou have the number of vibrations ne- 
cessary for any note in the musical scale. If you 
wish to test the principle of the octave with this 
instnunent, in the first place give a motion to the 
circle sufficient to sound the note, say D, and note 
the number of vibrations ; then sound the octave 
of the note, and 3rou will find the number of yi- 
brations to be just double that in the former case. 
Hence then it is proved by experiment that the oc- 
tave vibrates twice as fast as the elementary note. 
Having thus endeavored briefly to explain the 
principles on which depends the agreeable sensa- 
tions produced by the sounding of a note with its 
octave, I will now present one or two other com. 
binations ; and I hope there are a sufficient num. 
her of persons who know enough of music to 
follow me upon the staff, to rcnwa' the explana. 
tion, which must be somewhat dry, not altogether 
uninteresting. I explained that every other vi- 
bration in the octave corresponds with every vibra- 
tion in the elementary note. If, now, you take 
the two octaves above the first you have four 
notes rising one above the other ; the second vi- 
bration ia the second note, the fourth vibration in 
the third note, and the eighth vibration in the 
fourth note, will coincide with each vibration of 
the first or elementary note, and so on. Tlie se. 
ries of octaves produces its agreeable efifects then 
by the concordance of the first, second, fourth, 
eighth, sixteenth, &c,vibratioiis with each vibra. 
tion of the elementary note. 

When the string is divided into thirds, and two 
of them are sounded, we get what is 'called a 
Jiftk ; and the agreeable sensation ia this case 
arises from two vibrations of the fhndamental 
note corresponding with three of the other. Con. 
sequcntly every second vibration of the one oc- 
curs at the same moment as the third vibration 
of the other, and the concordant vibrations are the 
second and third on the'two strings. The two 
adjacent strings of a violin sounded together give 
^ fiflK which is^ a peculiarly rich and harmoni- 
ous chord. 

Next to the fifth is the fourth^ in which there 
is a different concordance cf vibrations. The 
concording vibrations here are the third and 
fourth, three of the elementary notes being dmul- 
taneous with four of the otlier. That is what is 
called a fourth. Other combinations' succeed 
those which might be analyzed in the same waj ; 
but it may be sufficient to state thi general prin- 
ciple, which is this : the chords are rendered har- 
monious by the fi-equency of the concordant vi- 
brations; the concordance of the second and 
third being more frequent than that of the third 
and fourth, the former chord, which is called a 
fifthj is more harmonious than the latter, which 
is called a fourth. 

I may mention here something of the effect of 
striking a bell which gives rise to another instance . 
of musical sound. Suppose the bell be represent- ' 
ed by a circle ; the tongue striking on one side of 
it throws the side from the centre and converts 
the circle into an oval; the returning motion 
causes the bell to receive the form of an oval in a 
direction at rig^ht angles to the first, and thus we 
have a succession of ovals formed by the vibra- 
tions of the bell — at right angles to each other^ — 
This depends on the same principle that has been 
already explained. 
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The instrument^ invented by the Baron Cag. 
NOND DE LA TouR, has been applied, not only to 
the science of music, but also to Natural History : 
Tou all have noticed the humming noise produced 
by insects, as mosquitoes or gnats ; this is caused 
not by the organ of the voice, but by the flapping 
of the wings, and all that is necessary in order to 
count by the Sirene the number of vibrations for 
each second of the wihgs of an insect, is to let in 
the wind into the tube until the musical sound is 
in unison with that of the mosquito or gnat ; then 
note the revolutions on the dial and you have at 
once the number of the flappings of the insect's 
wings. This is an extreme and striking example 
of which one branch of science often ministers 
to another. There ore many cases of this, but 
none more striking than the one just noticed. 

VIBRATIONS OF THE RETINA. 

A wish has been expressed that I should explain 
more ftdly a circumstance to which I alluded 
briefly in a former lecture; namely, the effect 
produced on the retina of the eye by light. I ex- 
plained the principle of light as established by 
modem physics, and the impression of the differ- 
ent colors upon the retina. The physical princi- 
pie on which light depends was for a long while, 
and is still in dispute among philosophers. One 
sect maintains that light is a physicsd emanation 
fixim a luminous bodv, which passes through 
space at the rate of 2()0,000 miles in a second, 
reaches the eye, affects the retina, and produces 
an impression in the mind. They hold that the 
white light of the sun is composed of particles of 
different kinds, each producing the notion of a 
different color. This theory has been in dispute, 
and is found to be insufficient for the explanation 
of certain phenomena discovered by modem sci- 
ence. This theory, however, was maintained by 
Newton. 

Another theory, which is now generally receiv- 
ed, is this : It supposes that the whole universe 
is fQIed with a fluid called csther^ extremely subtle 
and elastic ; and that the luminous body produces 
the effect by imparting to this ether a certain pul- 
sation,'^ precisely similar to that of sound, to which 
I have ahreadjr referred. These vibrations are 
suj>p08ed to^be transmitted to the eye with the ve- 
locity already mentioned. Having entered the 
eye, it causes the retina to vibrate just as does 
the ear-drum in hearing, only these pulsations are 
infinitdy more rapid and delicate than those of 
sound. This theory maintains that the. colors of 
the spectrum, as red, orange, blue, &.c, are no- 
thing more than the effects of greater or less ra. 
pidity of vibration. If the retina pulsates at one 
rate, red will be seen ; if at another, blue, &c. — 
This is the general outline of the theory now gen- 
erally received in reference to the Corpuscular 
theory, which was held by Newton, but which is 
insufficient to explain many of the phenomena 
observed, which the undulating theory perfectly 
accounts for. What all these phenomena are, I 
cannot explain in full ; I will, however, mention 
one of them, which is among the most remark- 
able. 

If two beams of Ught be admitted through 
small apertures in a screen, and be made to cross 
each other under certain circumstances, so that 
they fall npon the same~ point, you would natu- 



rally expect that that point would be twice as 
light as if but one beam fell upon it. According 
to the CorpusculEu: theory, which holds light to be 
a material substance, the more of it there was ac- 
cumulated upon any point, the greater would be 
its illumination. But it has been shown by mod. 
em science that, instead of this result, the two 
beams destroy each other, and a hlack spot is ob- 
served at the point of intersection. If either of 
the beams be intercepted, the spot becomes lumi- 
nous ; but if both be allowed to fall upon it to- 
gether, it becomes black : either of the two will 
illuminate it — ^both together produce darkness. — 
Now the Copuscular theory fails to account for 
this phenomenon ; but it is clearly explained by 
the theory of an undulating medium. I can only 
give the explanation in a general way as thus : 
It is necessary to show that it is possible for two 
systems of waves to obliterate each other, in or- 
der to the explanation; for if tEe presence of 
waves is essential to illumination,- any thing 
which destroys them must produce darkness. — 
Now if wc suppose two systems of waves propa- 
gated along the surface of a pond, we may easily 
imagine that the crests of one system shall fall 
directly in the hollows of the other — and we 
should thus hav^ a surface perfectly smooth. This 
is what happens in this case. The two beams, 
every time they c ome together, cause two systems 
of waves, of which the crests of one fall into the 
hollows of the other, and the lethcr is in the same 
state as if there were no waves at all. , Of course, 
according to this theory, there can be no light. — 
But if we make the slightest change in the beams, 
so that the crests of one system of waves shall be 
out of the hollows, the spot will be instantly illu- 
minated. 

But the points which I have been most espe- 
cially requested to explain is the method whereby 
the vast velocity of the retina in its vibration has 
been computed ; for that millions of millions of 
vibi-ations, performed in a single second, should 
be a matter of arithmetical computation, cannot 
be otherwise than astonishing, and may well ex- 
cite a rational curiosity as to the means by which 
it is accomplished. I can do no more than give 
you an outHne of the method by which Newton 
established as a matter of demonstration, the 
number of vibrations caused per second upon the 
retina by the waves of light. 




By referring to this figure, if wc suppose the 
d i to represent a plane glass resting upon the 
stightly convex lens represented by thfe Bicfg a A, 
a being the point of contact, in the first place it 
will be readily seen that, knowing the radius of 
the circle of which the arc c a A is part, and know- 
ing likewise the distance ah^a c, a d, &.c, the 
length of the Imes h g^ cf^ d e, 4c, is a matter of 
easy trigonometrical calculation ; so that although 
the distances b g,cff &c, from the surface of the 
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oonyez lem to Uiat of Jthe {dase glan are too onall 
for measurement, Hiej may still be computed with 
the utmost de|free of accuracy. Now Newton 
did this : — havmg arranged his apparatus as re- 
presented in the figure, he let fall precisely upon 
the point of contact a beam of light^-of pure red 
light. (You are doubtless all aware that the white 
light of the sun is composed of light of seven dif- 
ferent colors— or as others maintain of a greater 
number ; but in either case the seyeral colors com- 
posing white light are called pure colors.) Im- 
mediately a certain effect took place : exactly at 
the point of contact there was visible an intensely 
black spot ; outside of and surrounding this was 
a ring of red light ; outside of this was a ring of 
black — ^then one of red, &c. He had then a sue 
cession of rings, black being in the centre, alter- 
nately black and red. The red light which fell 
upon the point of contact, was reflected and came 
to his eye in some points while in others it passed 
through and left a black spot or ring. 

Newxon at once saw that the cause of this 
phenomenon was this : wherever a red ring was 
visible a complete pulsation of the sstherial fluid 
existed ; a single wave was propagated between 
the two .sucfaces. But in an interval less than 
this, the wave was broken ; the interval was 
greater than the width of one wave, and less than 
Sie width of two, and no light wiis reflected ; con- 
sequently a black ring was seen. The next ring 
was seen at that point where the interval between 
the surface of the convex lens and plane ^lass was 
equal to the width of two waves ; the light was 
consequently reflected and a red ring was seen. 
Next came an interval greater than the width of 
two waves and less than that of three ; conse- 
quently a black ring was seen. The distances 
between the two surnices then, represented by the 
lines h gcf and d e, supposed to be infinitely small, 
correi^nd to the width respectively of one, two 
and three waves ; and at these points red rings 
will be seen. If then the lengrth of these lines b g, 
cf and d e can be ascertained, we shall know the 
width of a wave of light. But as I showed just 
now, these lines are easily computed, knowing 
the radius of the convex lens and the lines abjoc 
and a d. Thus Newton obtained the actual width 
of a wave of light — (though he used a different 
name, in accordance with his theory.) 

Having arrived at this result with red light, he 
tried it with all the other colors of the spectrum, 
and the number of waves in a single inch for each 
color he ascertained to be as follows : I use round 
numbera, although he computed it with extreme 
accuracy. 

Red ligfit required 40,000 waves in an inch. 

YeUow. 44,000 

Green 47,000 

Blue 51,000 

Indigo 54,000 

Violet 57,000 

Now I have been asked by many gentlemen, 
who have dons me the honor to attend these lec- 
tures, how it is possible to estimate the number of 
yibrfltions of the retina for each color. Nothing 
in the whole range of physical inquiry can be more 
simple. Hear the method : It appears from what 
I have stated that Newt<m ascertained the num- 
ber of waves fojreach pulsation in a single inch. 
Imagine a surface covered witii un^ilating waves 
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so extiemel V small as thcae, and yoa will have a 
notion of the waves of light. Now it is known 
that light moves at the rate of 200,000 miles in 
a second of time. During every second, then, a 
beam of light 200,000 miles in length enters the 
eye. And as has just been shown, for every inch 
of that beam there are 40,000 waves or pulra-tions 
for red light, and a certain known number for the 
other colors. And now can you not see how we 
are able to determine the number of vibrations on 
the retina ? All that is necessary is to find how 
many inches there are in the beam which enten 
the eye in a single second ; multiply that number 
by the number of waves in a single inch for each 
color, and you have at once the number of vibra- 
tions. (Loud applause.) 

I confess that at first I shrunk from introducing 
this demonstration, through fear that I could not 
make it lucid ; but I considered myself challenged 
to attempt it, and now I trust you miderstand it. 

The Lecturer thus closed this beautiful expla- 
nation amid the deafening plaudits of the large 
and highly gratified audience. 

LECTURE VII. 

VOLTAIC BATTERY. 

Ladies ani> Gentlemen : If we look at the 
progress of the human mind, both social and po- 
litical, we shall fmd that it will be genendly 
marked by a certain steady and umform rate of 
advancement. But we dball also notice this : that 
Epochs occur at certain periods at which it ap- 
pears to make a sudden start in advance as if 
acted upon by some temporary and powerful 
cause. These eflSscts are conspicuous to every 
observer in the social and political world : we call 
those in politics by the name of revolutions. But 
no doubt they arise from causes which are latent 
and unobserved, and do not depend altogether 
upon human ndll or human agency. The phe- 
nomena of intellectual advancement are not so ap- 
parent, but they are nevertheless subject toneariy 
the same succession of changes, and are likewise 
observable by the attentive eye. 

The great and suddoi changes alluded to as 
often occurring in Uie political and social state of 
our species, are also to be seen in intellectual 
matters. Every properly informed person is now 
doubtless aware of the violent and sudden changes 
which marked the state of the human mind at 
the close of the last centurv* Revolution followed 
revolution ; and the mind in its social relations 
seemed to break down all the common barrien 
which had formerly restrained it. The splendor 
of kingly power was darkened both upon tliis and 
the other side of the Adantic, and the human 
mind appeared to start forward as if suddenly un- 
chained from the thraldom under which it had 
formeriy crouched. This, to an ordinary eye, was 
certainlv ccmfined to social and ^Utical matters; 
but to the eye of the philosof^r it was ^ir other- 
wise, and spread its influence over the whole face 
of physical science. Its fruits appeared at the 
close of the last century, and the very first day 
this was ■ ngnalized by the discovery of these 
others. Few weeks had scarcely rolled over be- 
fore the greatest instrument of physLcal investiga- 
tion and inquiry ever produced by phik>sc^hy-— 
the Voltaic pile — was discovered ; and that ex- 
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tmordinary instrument soon, very soon indeed, 
began in the hands of philosophers to exhibit the 
most extraordinary results. 

Electricity itself is a subject exclusively of mo- 
dem discovery. For although the ancients were 
acquainted with a few isolated phenomena, as the 
attraction of rubbed amber for light svbetances, 
and one or two other fiicts which lay barren, un- 
related and unfruitful upon the surface of human 
knowledge, it was in fact not until the time of 
Franklin that the scattered facts of electricity 
were collected into one regular form and received 
the soul and body of a science. This extraordi- 
nary agent, as evolved into the machines which 
were then employed, was produced, not certainly 
in the power and volume that are evident in the 
great natural phenomena of atmospheric electri- 
city, but still in too powerful a manner to be ex- 
amined with that delicate and minute scrutiny by 
which alone its character conld be obtained, and 
which science demands. In the electrical ma- 
chine, as you all know, the electricity is evolved 
by the friction of the rubber upon a glass cylin- 
der ; and is thrown forth and collected by appsu 
ratus prepared for the purpose, as the Leyden 
phial, &.C. But these receivers were thus charged 
in inconsiderably large quantities, and when the 
fluid escaped it rushed forth like a torrent whose 
restraints are broken down ; and we could no 
more submit this torrent of electric fluid to close 
nspection than we could the Falls of Niagara -to 
close chemical analysis. Philosophy wanted it 
in small quantities — ^in a more controllable and 
convenient form, so that it might oversee and 
ponder upon it. Here it was only to be procured 
in large reservoirs — ^for the Leyden phial and 
other apparatus by which it is accumulated 
can be regarded in no other light than as large 
reservoirs in which the fluid was dammed up 
and in a state of quiescence; and if you at- 
tempted to pierce the dam and cut a passage for 
it, instead of flowing forth in a regular and mo- 
derate manner, it broke all bounds and rushed out 
with fuiy and power — producing the electric 
shock and similar well known phenomena. 

It remained.to discover mme way of evolving 
the electnc fluid so that it could be drained out by 
small degrees — ^poured forth with regularity and 
in a form which should allow it to be carefully 
watched and scrupulously examined. Such a 
method was discovered by Volta in the first month 
of the present century. He found that, by an ac- 
cumulation of certain metallic plates, and by the 
interposition of a certain liquid, not a sudden tor. 
rent of the electric fluid, but a gentle and regular 
stream would be produced subject to bis control. 

Hd did more ; he provided means whereby he 
could produce, as he pleased, a greater or less 
quantity of the fluid-^which should be powerful 
or feeble, according to the circumstances of the 
metallic plates, which were acted upon in a mys- 
t^ous manner, which both Volta and his sue- 
cessors have failed to explain. 

This precious instrument of scientific investi- 
gation, T/f^ch has proved most fruitful and power, 
ftd as a cause of progress in our own time, was 
sent to England in the first month of the present 
century by Volta, accompanied by a scanty and 
meagre account, transmitted, judging from the 
style, in an imperfect form, through fear that he 



^ould be anticipated in the discovery, and thus 
robbed of its honor. It feU into the hands of 
Messrs. Carlisle and Nicholson, the former so 
well known as Sir Anthony C&rlisle, and the 
latter lluniliar to all scientific men, in connection 
with a celebrated philosophical journal. The first 
applicaticni they made of it led to the discovery of 
the decomposition of water ; and as I have already, 
in a former Lecture, dwelt upon the manner m 
which this was effected, I shall not now retrace 
my steps. 

After this phenomenon had become familiar, 
others were observed, apparently of a more extra, 
ordinary, but in fact of a less important character. 
The physiological effect of the instrument was - 
one of the first to excite attention ; and surely, if . 
the attention of philosophers was diverted m a 
^reat degree by this from the more important 
phenomena, it was a natural and excusable orror, 
for most astonishing were some of the effects 
which it exhibited. It was found that the nerves 
of animals were i^paratus of a highly electro, 
scopic character — t&x more sensible than the 
finest and most delicate instrument known to 
Science. It was found that, if the negative pole 
of the pile were placed under the tongue and the 
positive above it, (as may easily be done by at. 
taching to the extremities a flat piece of metal,) 
a certain acid flavor was perceived. If, on the 
other hand, the positive pole be placed below and 
the negative above the tongue, an alkaline taste 
was perceived. — ^Again : it was found that, if one 
pole of the electric battery was applied to any point 
of the face, as to the cheek, nose, chin, or to any 
point of that part of the body known to*anatomists 
to be so full of nerves, and the other pole held in 
the hand, so that a c^ain portion of the fluid 
should be compelled to ps^ through the nerves of 
the face, even though the eyes were shut, a vivid 
flash of light would be perceived. This was an 
extraordinary physical fact ; but the most extra, 
ordinary of all still remained bdiind. When the 
poles were applied to an inanimate body-— any 
organized human body — from which the soul, had 
passed away, it was found that, by a proper appli. 
cation of these extraordinary agents, to various 
localities in the nervous system, the dead body 
was made to imitate the functions of life with 
terrific and revolting precision. The arms were 
raised and blows struck ; the legs extended them- 
selves and kicked with violence ; weights were 
raised far greater thaJSi could be moved by the 
action of the will ; the eyes rolled, and even the 
lungs heaved as if in the act of respiration. Now 
all these facts have been known for over half a 
century, with no satisfactory or conclusive ex- 
planation — ^isolated and unfruitful. To say that 
the nerves possess a high electric susceptibility is 
nothing more than to state in sounding terms the- 
facts I have expressed in common language. The 
same agency applied to the various classes of lower 
animals ei&bited very wonderful results. The 
glow-worm shone with increased lustre; when 
sent through the nerves of a graas-hopper, the ani- 
med chiiped with increased loudness. All these 
exp^iments plainly showed that there existed some 
wonderful, relation between the agency of elec- 
tricity and the proximate principle of vitality. 
What this relation may be-~whether electricity 
itself be that proximate principle or not — has long 
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beoi and rtill remaiiui a subject of active and 
anxious inquiry. 

It was not to be expected that, at the time of 
which I have been speaking, these results should 
be exhibited without exciting at Paris — ^which was 
then the scientific ca|»tal of Europe, and which 
now Limdon only rivals— especial notice and pro. 
found curiosity in high places. Napoleon, who 
was ever the patron of science and of every art 
by which its advancement might be aided, sum- 
moned Volta to the French capital. The par- 
ticulars of his visit have heretofore been narrated, 
and I only refer to the matter now to note a cir- 
cumstance I then omitted. Napoleon immediately 
proposed a priie of 3,000 irancs for the best essay 
on Electricity, and another of 6,000 francs for any 
disooveiy which could be placed in juxtaposition 
with that of Frankun. This last remained long 
unclaimed ; but after a season it was justly, fairly 
and most libefally awarded to Sir Humphrey Davy ; 
an act of liberahty, coming as it did from a nation 
then at war with &igland, and which' the English 
had been taught to consider their natural enemy, 
unparallded in history. 

But I am anticipating somewhat, in point of 
time, the inatters to which I widi to call your 
attention. At the very dawn of the life of this 
science, a narration of which I have endeavored 
to give you, there existed in the obscure village of 
Comwcdl an individual, a young man, employed 
in the capacity of a clerk, or some such occupa. 
tion. There happened to be at Bristol a physician 
engaged in establisfaing some baths, who wanted 
an assiitant who should have somfe little knowledge 
of chemistry, and who could be depended on far 
general accuracy and candor ; and this Cornish 
young man, whom I mentioned, fortunately for 
science and, the advancement of the human race, 
found a place with this physician. Soon after, 
ward, ihe Royal Institute of Lcmdon wanted 
a superintendent for their chemical labcnratory. 
The physician's clerk had contributed some trifling 
scientific articles to the periodicals of the day, 
which had attracted the attrition of Count Rum. 
FORD, who was incited by them to procure for 
their author the vacant situation in the Institute. 
He came to London, and just at this period the 
Voltaic [rile was Itfought to that great city. The 
new superintendent of the laboratorv was Sir 
Humphrey Davy, and the moment he became ac. 
quainted with the pov^ of the pile, as sAiown by 
Carlisle and Nichoi«on, and as shown with 
greater clearness in the Institute at Paris, he saw 
that hae was a field of distinction, and he at once 
determined that it should not lie uncultivated. The 
decomposing power of the pile on water naturally 
attracted great attention. Although I have already 
moitioned the subject, I will take the liberty again 
to call your attention to the manner in which the 
Voltaic pile made known the decomposition of 
water. (Let me remind those not familiar with 
the elements of ch^nistiy, that water is composed 
of two gaseous substances, oxygen and hydrogen.) 

The manner in which the decomposition of wa. 
ter by the Voltaic pile was esteblished, was this : 
In a vessel of water were placed at some distance 
from each other two wires, one connected with 
the positive and the other with the negative pole 
of the Voltaic battery. Now mark the effect of 
this arrangement. ^ was found that, the wires 



being of platinum, with which oxygen will not 
form a combination, bubbles of oxygen gas arose 
friom one of the wires in a rapid stream, and bub. 
Ues of hydrogen from the other. That these were 
the two gases evolved could earaly be proved by 
catching them in a glass receiver, and submitting 
them to the usual chemical tests. It was found 
that oxygen gas issued frt>m the positive wire and 
hydrogen from the negative '; and cti comparing 
the two they were found to be evolved in just the 
proportion necessary to the production of water. 
But more than this — ^it was found that if the ves. 
sel was weighed after the gases had been evolved, 
it would be found to have lost a weight just equal 
to ihe two gases. Thus there was no doubt that 
the two gases were produced from the ends of the 
wires. ' But a mysterious circumstance still re. 
mained, and, I may say, remains to this day, un- 
explained. In what possible manner — ^by what 
conceivable means could one of the two gases, 
wfaifch were continually evolved at the end of one 
wire, escape to the extremity of the other ? for if 
we suppose a particle of water to be decomposed 
at the extremity of the positive wise, from that 
particle we shall have a particle 9f oxygeii, which 
shall rise into the air. But where is the hydro, 
gen? If you say, "O, it travels, of course, 
across through the water to the end of the other 
wire," the answer is, that no such gas — ^no bub. 
ble of it is seen, as it would be if it actually tiav. 
eled through. Again : if you take a particle at 
the end of the negative wire, and suppose it de- 
composed, it must of course give a particle of 
oxygen and one of hydrogen gas : the hydrogen 
gas is seen to rise and escape. But what becomes 
of the oxygen ? It cannot travel across, but it is 
not seen. Here there is a difficulty of a most 
inscrutable natyre. But what is still more extra, 
ordinary, if you suppose a partition to be con. 
structed through the middle of the vessel so as^to 
divide the water into two parts, which shall have 
no connection. with each other except by a con. 
ducting wire, passing from one to the other, sUll 
the same effects will be observed. The bubUe of 
oxygen will be found to escape from the. positive 
wire, and hydrogen from the negative. 

Now soon after this singular effect was obsenr. 
ed, many theories were devised to account for it ; 
and amcmg them was that of a continental pl^. 
losopher named Grottuus, which is so ingenious 
and beautifril thfrt I shaU not hesitate to. give a 
sketch of it, although I shall be afterward under 
the necessity of knocking it down. 

Grotthus mamtained that the elementary par. 
tides of water were naturally charged with posi. 
tive and negative electricity. Take a single mok. 
cule : it is composed of two parts, hydrogen and 
oxygen : the two are held together by the mutual 
attraction of the two opposite electricities which 
the particle contains. Now, says Grotthus, 
things happen^ in this way : when the stream of 
positive electricity is sent to the point of the wire, 
it attracts the negative electricity of the particle 
nearest to it, to itself. And as the positive dec- 
tricit^ of the oxygen has an attraction for the 
n^ative electricity of the wire, the particles turns 
its oxygen side to the wire, and the hydrogen be. 
ing repelled by the positive fluid is turned away 
from the wire. Therefore, said he, the molecule 
shifts its position until it gets its oxygen fatce to 
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the wire, and its hydrogen fiice from it. Now, 
this particle having thus changed its position, the 
negative electricity of the hydrogen, which is 
turned ftom the wire, attracts the positive of the 
molecule next to it, which likewise shifts its posi- 
tion until its oxygen face is turned toward the 
first particle, and its hydrogen from it ; and the 
same thing goes on through the water, so that you 
will have a row of particles from the point 4of one 
wire to jthe point of the other, ranged along be- 
tween the two : the oxygen forces of the particles 
being all turned toward' the poative wire and all 
the hydrogen faces towards the negative wire. — 
Now, said Grotthus, what happened ? you say it 
is very extraordinary you see no bubble ; not at 
all extraordinary, for the positive wire hiys hdld, 
by the strength of its attraction, of the oxygen of 
the nearest particle and discharges the hydrogen : 
but that hydrogen does not ascend, because it is 
seized by the oxygen of the adjacent particle of 
water ; the discharged hydrogen again lays Ibid 
of the oxygen of its neighbor and thus it goes on, 
bj a successive action, from one particle to ano. 
ther until at length it reaches the last particle of 
water whieh has its oxygen seized by the hydro- 
gen of the adjacent particle and the hydrogen 
rises. This accounts for the fact that you see no 
babble ; because the rapid succession of decpm- 
positions, and re-compositions of the succes- 
sive particles of water, causes the hydrogen to 
pass from one wire to the other until it is finally 
discharged. This is an extremely pleasing and 
ingenious theory : but it seems to me to fail en- 
tirely at this point ; you recollect that I showed 
that when a partition is passed through the vessel 
89 that the water is divided, the same thing takes 
place, so that here the successive decompositions 
and recompositions of Grotthus won't do, unless 
you suppose that the particles of soUd wire under- 
go the same change as the particles of water, 
which will hardly be admitted. This theory 
never received the general assent of the scientific 
world, and I majr say that the facts I have d6- 
tailed are still entirely unaccounted for. 

When these &ctsof the analysis of water began 
to attract attention, Davy commenced his cxperi. 
mentS; and he found that whatever the principle 
which decomposed the water might be, the liquid, 
after the decomposition was effected, was found 
to be strongly impregnated with aeid. Various 
theories were devised to account for this, some 
maintaining that the atmosphere was the source 
of the acid, and others going the extreme length 
of believing that the acid was produced by the 
action of &e electricity ; and on this theory they 
gave to it the name of electric add. In this state 
of confusion the matter lay when Davy took it 
into hand, and determined to seek out the cause of 
this phenomenon ; and nobly did he succeed. 

The task of philosophers is not always the grate- 
ful one of evolving new and important truths ; 
they often have the more difficult and thankless 
labor of extirpating error ; and such was the task 
of Daw in the inquiry upon which he had now 
entered. He found by the closest and most care- 
ful investigations that the production of acid in 
the water, when exposed to the action of the gal- 
yanic current, was an error : but the process by 
which he arrived at this conclusion is too inter- 
esting to be passed in silence. Ftoceeding with 



the sagacity which enables one to seize upon the 
accidental circumstances which often arise out of 
an investigation, he commenced his labors in this 
way. He determined toperfbrm the experiment 
most carefully — ^in a manner which he thought 
could leave no possible chance for the existence of 
acid from external and unforeseen causes. He 
at first supposed that the acid arose from matter 
used as a conductor, and for this Wollaston 
suggested as a remedy, that a fibrous substance, 
as asbestos, should be employed. Davy took two 
agate cups, poured into them distilled water, and 
employed as a conductor a skein or sj^hon of 
amianthus. He then connected tEie water in the 
two vessels with thetwo poles of the galvanic 
battery. As usual, and as he expected, bubbles 
of oxygen came from (me and hydrogen from the 
ethen After the process had been going on for a 
little time, Davt applied the usual tarts, and, con- 
trary to his anticipations and greatly to his disap. 
pointment, he found that there was acid in the 
positive vessel and alkali in the ne^tive. He 
felt sure that they could not have existed in the 
water, nor could he admit that they, came in 
through the agency of electricity. 

Wen, he began to consider, may it not be that 
the cups themselves are the source of this principle ; 
and to test this, he proceeded in this- way : he got 
made two cups of fine g(A6. in the form of hd^w 
cones, carefully executed. In these he put the 
same quantity and kind of water as before, sub- 
jecting it for the same time to the same battery 
and under the same circumstances, and now, said 
he, if acid is produced in any different qualitity, I 
am certain it cannot be attributed to the water 
or the electricity, for both are the same as before ; 
but if, as I ahrewdljr suspect, the cups have any 
thing to do with it, it will become evident, and I 
shall either find no acid at all, or a different quan- 
tity from what I had before. The result com- 
pletely fulfilled his anticipations, not by the total 
a^nce of the acid and edkali, but by their being 
found in very different proportbns. There was 
little or no acid in the positive cup, and twenty 
times as much alkali in the negative, as in lus 
former experiment. He had no doubt now that 
he ha'd arrived at a method which would finally 
lead to the discovery of the cause of these pheno- 
mena ; but he determined to try a still further ex- 
periment. 

He accordingly put into a silver stiU a quantity 
of the water he had before used, and distilled it at 
the low temperature of 140^ by a slow process ; 
after having distilled it until it had all passed off in 
vapor, he examined the residuum and found that 
it contained seven-tenths of a grain of alkali. — 
Here, th^n, he had found the source of the alkali ; 
it was contained in the water with which the ex- 
periment was made. After this he repeated the 
experiment with the same quantity of water ex- 
posed to the same galvanic action and in the same 
gold cups; and the result showed conclusively 
that the bdief that the electricity itsdf was the 
source of the acid and alkali, was completely ex- 
ploded and an error removed from his path which 
would otherwise have stood in his way in all his 
future discoveries. 

The next subject which attracted the attention 
of Daw, and in examining which he arrived at 
the very important di0<k>y«>7 which gahied the 
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prize offsred hj the French Academy of Science, 
was an inyestanraticm of the manner m which the 
dementa of matter behayed themaelTeB with refer. 
ence to each other while midef the influence of the 
electric ciinent. You will comprehend this more 
clearly ndien I diow you the e^ioiments which 
Davy made and thor niBt most curious and inter, 
estu^iwults. 

He took two yeBseb, filledeach with water, and 
caused them to communicate, the one with the 
poaitiye and the other with the negatiye pole of 
the galyamc pile. Between the two he jdaced a 
third yenel, likewise containing water, which 
was connected by syphons with the water in the 
other yessels. In this ammgement the stream of 
positiye dectrioi^ passes into one yessel, through 
the water in it, tnroogh the connecting wire to 
the middle yessel, thence by a like conductdr into 
the third yessel, when it meets the negatiye elec- 
tricity from the other pole of the battery. Now 
his first experiment was this : In the middle yes. 
sel he placed a saline solution, which is a com. 
pound of an acid and an alkali. In the other 
two yessdrhe placed pure water. The moment 
the dectric stream was allowed to enter the yes. 
sel a sin^^ar effisct took place ; the salt held in 
solution m the middle yessel was immediately 
found to be in process of decompoation, the acid 
constantly trayeling oyer into the positiye water 
and the alkali into the ne^tiye. Now here he 
saw indications of a law ; it was quite plain that 
the positiye electricity exerted a power of at. 
traction oh the acid and the negatiye on the 
alkali. 

The next step Dayy took was this : He said, 
if the attracti<mof electricity for those fluids is so 
powerful, may it not hiq>pen that, by putting the 
solution of salt into the positiye yessel, while pure 
water remains in the other, the negatiye electncity 
in the pure water will draw oyer the alkali from 
salt in the positiye yessel, leaying the acid where 
it was. He accordingly performed the experi. 
ment, and found the result to correspond piecisdy 
with his expectations. The salt in the poeitiye 
yessel was decomposed, its constituent parts were 
torn asunder, and the acid continued faithfrd to 
the positiye fluid, while the alkali trayeled oyer to 
the other yessel and deposited itself as close as it 
could possibly do to the negatiye rim. To leaye 
nothing undone, Dayy yaned the experiment by 
by placing salt in the negatiye yessel, and found 
that the same principle was as actiye as before. 

He remarked that the water in the middle yes- 
sel remained pure, although all the acid in the one 
yessel, and the alkali in the other, had passed 
through it. This was sufficiently remarkable; 
and he saw that somethuig more remained to be 
examined. He considered that the water in the 
middle yessd must be in a peculiar physical state. 
Was the mass of the liquid through which the 
acid and alkali were in the act of passing fr«e 
from either, or would it haye the qualities of a solu. 
tion of either of these principles ? If it would 
not, it would certainly be a most remarkable fact. 
To decide this, he made the following experiment : 
He passed the electric fluid through the yessels 
arranged as before — the alkali of the salt in the 
outer yessel passed through the liquid in the 
middle yessel to the other extremity. Now to 
deteimine whether the water in the yessel contain- 



ed alkali, he applied the usual tests, and found 
that there was not the slightest indication of its 
presence. He went farther — ^he reyersed the ex- 
periment) and made the acid psuss through the 
middle yessel ; but the water gaye no note of the 
presence of acid. He applied the most delicate 
tests, but could get no mdication of any acid in 
the middle yessel. The effect which would in- 
stantly be produced if there were no electrical 
agency in this experiment, was totally lacking in 
presence of this magical influence. 

Now you '11 ask for the reason of these remark, 
able facts. Can they not be accounted for — ^is ' 
there no way to explain them ? There is not ; no 
philosopher, so for as I kno^, has eyer arrived at 
any thing more than the naked fact. All that is 
known is this, that when natural bodies are un- 
der the influence of electricity, they behay e them- 
selyes yery differently from what they do in their 
sober senses. 

Nothing can be more felicitous than that philo- 
sophical instinct which enables observers to avail 
themselves of the accidental circumstances which 
arise in the course of their inquiries. Every one 
who has ever eagaged in philosophical inveetiga- 
tions must have expmeneed that when he has 
been hunting after some fancied truth, accidental 
circumstances have pressed upon his attention, 
which, if duly considered, would be seen to be of 
infinitely greater importance than the trutli of 
which he was in search. This occurred in the 
case of Dayy, in the investigation to which I have 
made allusion ; and nobly aid he profit by these 
accidental hints— or I would rather resfard thent 
as promptings of Him whose will it is that know- 
ledge should progress. 

I told you that when Davy observed the cir- 
cumstances attending the decomposition of water 
by the action of the galvanic wires, he found an 
acid evolved in the agate cup. When gold was 
substituted instead of agate, little or no acid was 
evolved. Said he, * O, I see the" cause of this : 
the acid comes from the decomposition of the a^ate 
cup.' Thus would any one have sedd, and an 
ordinary mind would have passed it by as 'an'ac 
cidental circumstance of no moment. But Davy 
saw in this accident the ^erm of probably the 
grreatest discovery of modem times. * If,* said 
he, * the power of the electric current be so irre- 
sistible, so omnipotent, as to tear asunder the ele- 
ments of agate, what effect may we not anticipate 
if we apply this to substances which have never 
yet yielded to the analytical power V The idea 
took possession of his mind — that the attraction 
of the positive and negative poles of the battery 
for certain elements of bodies, that which took 
the acid and alkali to the farther vessel in his ex- 
periment, was the same powerful influence that de- 
composed the elements of agate ; and he never let 
his mind rest until he had brought it to bear upon 
this point. Accordingly, in his first ejq>erinient, 
using cups of various metals, he found he had a 
mortt powerful agent to play with. After much 
pondering and deep reflection upon this, he ar- 
rived at this conclusion — ^that substances classed 
as alkaline and earthy, in all probability, are not 
what they appear. Many of them, if not all, 
which had previously been deemed simple sub- 
stances, he had a deeply rooted conviction might 
be decomposed if he could bring to bear upon them 
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the poles of a sofficieiitlj poweriol Voltaic appanu 
tns to tear their elements asunder. The first sub. 
stance which he submitted to experiment, willi a 
view to this beUef, was potath ; and there is re. 
corded no more elegant and lucid experiment, nor 
have any results been more important. He took 
a small quantity of potash, and placed it upon a 
platinum spatiua or disc. ' He wished now to 
transmit the electric current through it, and for 
that purpose placed the positive wire atone side 
and the negative at the other, expecting that its 
elements would yield to the opposite force and be 
decomjposed. 

But in its dr7 state it would not pass, ikht would 
tiie current be transmitted unless aids could be 
procured to assist in-conducting power. The first 
suggestion was to dissolve it in the water. He did 
this, and submitted the solution to the action of 
the Voltaic pUe ; but he found that this most way. 
ward agent had preferences iust as bodies, had 
axes of reference around which they would re. 
volve. The electricity would seize upon some sub. 
stances in preference to others when two or more 
were pres^it, nor would it attend to more than 
one at once. And when it was transmitted 
through the solution, the thing it decomposed 
was the water and not the potash ; and the only 
«ftect of the Galvanic action was to decompose a 
portion of the water, and thus leave the solution 
of potash stronger than before. Davy next at. 
tempted to render the potash a fluid, since any 
liqmd, he well knew, would transmit the current 
more readily than a soHd. He procured a platinum 
spoon, put mto it a small quantity of pure potash, 
and exposed it to the flame of a lamp blown upon 
by oxygen gas. When the potash was melted, he 
put the opposite sides of the spoon in contact with 
the opposite poles of a battery. The instant a 
oommunication was formed, when the metal spoon 
was positive and the wire inserted in the liquid 
was negative, a vivid, sparkling flame arose from 
the wire, and from the spoon issued a gaseous 
substance and escaped into the air. Davy at once 
supposed that the potash had been decomposed, 
but that the constituent part which escaped at the 
negative pole was so combustible that at the heat 
remiired it immediately took fire. 

This conclusion was perfectly correct ; but he 
had yet £uled to seize and submit the element to 
examination. Another experiment was still to be 
tried. BUs final experiment was this : He took a 
small quantity of potash, and by exposing it to the 
moisture of the atmosphere, he got a coating of 
moirture upon its sur&ce. This gave to it a suf. 
ficient conducting power, and he agailji placed it 
upon the platinum disc in communication with the 
negative poles of a Voltaic battery, while upon the 
marSoice of the potash he applied the positive wire, 
and what Was the result ? This : At the upper 
ewrface of the positive pole, there were emitted 
hubblee of gas; whUe on the platinum were de- 
posited metallic globules having the appearance 
of quicksilver. These soon acquired a film which 
protected them from the atmosphere and preserved 
them in their metallic state, so that they could be 
submitted to examination. It was found that the 
gas emitted was pure oxygen ; the discovery was 
complete, and the important fact was established 
that potash^ theretofore supposed to be simple, was 
a combination of pure oxygen and a metal not be. 



fore known, and that the two were separated by 
the attraction of electricity — ^the metal by the neg. 
ative and the oxygen by the positive. The metal 
depoated was the base of \he alkali, since called 
Potassium, Soda was decomposed in the same 
way and with a similar result, giving Sodium ; 
the same process with the alkaline earths led to 
the discovery of Barium, Strontium, Magnesium, 
and Calcium, as the consequences of this great 
discovery. It was thus shown that «dl the earths 
and aU the alkalies are compounds^ composed of 
oxygen gas and various metals. Thus tne num. 
ber of simple substances was greatly lessened, 
while the catalogue of metals was increased. I 
am sure that I & not overrate the imp(Nrtance of 
this as a scientific discovery, when I say that it is 
by far the greatest of the present century. 

Having thus concluded his Seventh Lecture, 
Dr. Lakdner exhibited his fine moving diorama 
of the heavens, at the same time remarking upon 
the difierent cdestial appearances — as he had done 
on former evenings. He also made some obs^rva. 
tions upon the double stars, which are supposed 
to be twin suns for twin systems. These are often 
of complementary colors, as red -and greoi, and 
some of the speculations of Sir John Hebschell, 
the most poetic of astronomers, upon the '^cissi. 
tudes of dav and night upon the planets which 
are lighted by these suns, are exceedmgly curious, 
and not without some foundation. Thus, a planet, 
while it was in that part of its orbit between the 
two suns~one of which was red and the other 
green — ^would be shone upon by both, and would 
have a red day and a green night. When one 
quarter of its orbit from that position, the planet 
would have the first part of its day green, and the 
the rest red ; and so the curious vicissitudes of day 
and night might be traced for every portion of its 
orbit. 



LECTURE VIII. 

STEAM ENGINES OF GILEAT BRITAIN AND AMERICA. 

The closing Lecture of the Series was mainly a 
description, by reference to models, of the Steam ' 
Engines of Great Britain and America as applied 
to water navigation and to railway transportation. 
Depending, as it did to some considerable extent, 
upon the beautiful models by which it was illus- 
trated, for its interest, it would scarcely be inteUi- 
gible in a literal report, unless figures could be 
presented which should serve instead of the didac 
tic models ; this we cannot conveniently do, and 
shall throw our report, therefore, somewhat into 
the form of a notice, collecting from the lecture 
such remarks as concern the general principles 
which Dr. Lardner attempted to elucidate, and 
omitting what could be of no possible utility with, 
out the explanatory models. 

He commenced by stating that the arrange, 
ments required by the application of steam engines 
to purposes of sea voyages, are different altogether 
from those jequired by engines which are to work 
on land, or which are intended for river naviga. 
tion. For sea navigation it is generaUy admitted 
to be essential that the engrineiy should be between 
decks. This is especially the case with vessels 
intended for the National Marine. It is likewise 
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evidently necesiary that the dgip^t or the boiler, 
dioold be fed with salt water. Theae aie the two 
features which enter into the construction of yes- 
sels built for sea navigation, which have no ap|di. 
cation iqion rivers or railways. When steam vea. 
sels were first emplojred for coast navigation the 
difficulty attending the first of these conditions 
was obviated, as I explained on a former evening, 
by tianspoain^ certain portions of the machinery 
— ^by transfemng the beam to the bottom instead 
of suffering it to remain at the top->and by having 
the connecting rods pass upward instead of down, 
ward, so that a part of the engine was, in fact, 
turned upnde down. The proportions of the cyL 
inder were altered to accommodate these views : 
the cylinders of engines are generally of greater 
length than width, being commonly twice as long 
as Uieir diameter. 

When I mentioned this subject before, I made 
an observation which I now repeat to be my Strang 
opinion — an opinion about which I have no doubt 
whatever that the profound reverence which is 
entertained by the English engineers for the au- 
th<Nrity of Watt, did harm to the pr ogress of steam 
navi^tion, and especially to that branch of it 
ap]dMd to sea purposes. AU of the present audience 
who have happened to read the works I have 
written I^Km this subject, and the scattered me- 
moirs I have myself penned with ieq[>ect to Mr. 
Watt, will reamly acquit me of any intention to 
speak or to infer any thing disrespectful to that 
great man. But truth should be far above all 
personal considerations, and the plain matter of 
fact is this : Mr. Watt, the inventor of the low 
pressure condensing steam engine, had a natural 
and excusable bias in its favor ; and during his 
lifetime h^ could hardly listen to the name of a 
high pressure engine without irritated feelings ; 
and these feelings of irritation seem to have de- 
scended upon his successors. So far has their 
aversion to high pressure engines been carried that 
for many years after their general use none were 
were allowed to be built at Soho ; and this partic 
ular form of the steam engine, which has made its 
efficacy felt to the outskirts of human civilization, 
the consequences of which have spread to the most 
sava^ tribes of Africa and Asia, and brought the 
blessmgs of internal communication, at a very 
early period, to this vast continent, was despised 
and utterly rejected. These feelings spread among 
the English people to such an extent that it was 
perfectly vain at any time to propose high pressure 
engines for English steam vessels ; and had it been 
done and a vessel actually furnished with one of 
them, the consequences would have been that no 
one would have undertaken a voyage in her. At 
the first construction of engines for the English 
railways, it was seen that they could not be wo&ed, 
not oni^ without high pressure engines, but with- 
out engines of the very highest power ; and the sa- 
gacious engineere, well knowing the prejudice 
against them, wisely adopted for them the name 
of loannotivea ; and had they been called, as they 
were, high pressure engines, it is likely that the 
success of railways would have been greatly less 
than it was. But they were christened locomo- 
tives ; and I verily believe that to this day not 
one in twenty thousand of the English people are 
aware that a locomotive is ahi^h pressure engine. 
I say, that it is my strong convictum that the rev- 



ereace for the name of Watt greatly retarded tlie 
pro gress of English steam navigation. In the 
ccmstmction of their marine engines the English 
adhered as chxiriy as circumstances renderedpos- 
sible to the old model — some little changes, which 
were seen to be perfectly inevitable, being made. 

Hie second condition necessary to engines used 
at sea, as I stated, is that the boiler be fed by salt 
or sea water. Now sea water is a solution of oar- 
tain salts ; the water however is not taturated, 
that is, it does not contain as much salt as it is 
capable of sustaining. If it be put info a boiler, 
then and evaporated, the water panes ofiT in 
steam while salt will remain, and there will be a 
constat aceamulation of salt water in the boiler. 
The effect is that the water in the boiler becomes 
a stranger and stranger solution of salt. If this 
goes on for any consideraUe length of time, the 
water in the boiler will become completely sata. 
rated; and in this state, the next step will be 
a precipitation of salt in in the boiler ; this will be 
seen to be the necessary consequence ; for there 
being roan salt than the water will hold in solo- 
tion, there is no alternative but to throw it down 
in the boilerand if the process be carried on, ailer 
a time the boiler, Vill in fiict be converted into a 
Bait pan. 

These evils, even if not carried to the extreme 
limit I have su pp osed, will still be considerable^ 
as an incrustation will be formed upon the innde 
of the boiler of salts and e&rthv matter which are 
found to have so strong an aflmity for the metals 
that they will adhere to the surface. This will 
continue to incrsase until the boiler will be walled 
up by a thich coating ol earthy matter. This -will 
be attended with important and injurious coxifle> 
quences ; for the boiler being thus made a noti- 
conducter of heat, {^aces the metal between the 
fire and the internal coating which would not al^ 
low the heat to pass beyond it. Thus the heat 
was accumulated in the metal and often caused 
pressure in or bursting of the boiler. But even 
supposing thesQ extreme consequences not to be 
experienced ; still even the thin coating which 
would be formed shuts off and thus destroys a per. 
tion of the heat. This soon became apparent, 
and various remedies were suggested. One. of 
the most obvious methods of remedying it, was 
thiJB : As the water became saturated, an n:p&[' 
ture was made in the bottom of the boiler to let<»ff 
the hrinei which would be forced out by the 
pressure of the steam inside the boiler ; when this 
was out more sea water was introduced in its 
stead. Now the desired effect was eaedly pro- 
-duced by this arrangement ; for the brine, being 
heavier than the water, would naturally fall to the 
bottom and pass through the aperture. This 
process was called blowing out, and great atten- 
tion was paid to it by th6 Government Enginee're. 

But it was found that a difficulty was to be en- 
countered in cleaning the boiler by this process, 
and that this in fact was but an expedient which 
involved an evil of great consequence, especially 
on long sea-yo^ages, when fuel is of great valoe, 
and when it is a desideratum to procure the 
greatest possible amount of steam with the least 
expense of fuel. The brine whidi wasblown out, 
it will be recoUeoted, was of the same temperature 
with the water, and in blowing the brine out and 
receiving cold water in its stead, a porfaoQ of the 
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fuel was consumed to no purpose ; and this, with 
nelirarence to long* 8ea.T03rageB, was an evil of sen. 
<HU magnitude. One of the first expedients sug. 
gested as a remedy was extremely ingenious, yet 
not novel, although the inventor was probably not 
aware that it luid ever been suggested before. 
The process of feeding the boiler with salt water 
was {Hopoeed to be amndoned, and it was to be 
filled in the first place with fresh watw, and it was 
also proposed to cany the steam, after it had 
worked the engine, into a condenser of peculiar 
conbtruction. Some hundred tubes were passed 
through a cylinder of cold water : and the steam 
was suffered to pass into these tubes so that it 
mi^rht be condeiised not by mixing with cold water 
as m <»rdinary condensers, but by the cold surface 
of the 'pipes. This contrivance was miscalled 
Haix's condenser, for it was really invented by 
Watt, and at an early period he laid a drawing of 
it before the House of Commons ; but its use was 
abandoned then for the same reasons which led to 
its rejection since. It was found that the steam, 
in passing through the pipes, was not condensed 
wiUi sufficient rapidity«--although its final deetruc 
tion wa9 certain. Bat it win be seen that if, after 
the piston has been driven to the top of the cylin. 
der, steam be.not instantly destroyed below it, it 
wHl oicounter a resistance on its return, and thus 
the power of the engine will be diminished. The ^ 
destruction, then, of the steam is not of more con- 
sequence than its timely destruction. I believe 
that for the sake of the experiment this kind of 
condenser 'was employed on the, British Queen: 
but it is now universaUy abandoned. 

This method then would not do; and the roost 
efi*ectual method of keeping the boiler ciesr since 
empiojred, is that by the use of what is called 
Field's hrine pump. There were two objections 
to the system of * blowing out ;' one^ that it re- 
quired an attention horn the engineer which could 
not always be obtained, and the other thataquan- 
titj of heat was lost by every dischar^ of the 
brme. Field's brine pump, with which I am 
acquainted only by information, seems to meet 
both these objecfions. Two things are required of 
it ; first, that it should pump out a proper quantity 
of brine ; second, that it ^ould pump into the 
boiler a proper quantity of sea water; it was 
necessary, in thethird place, that little or no heat 
should be lost. Now Field calculated the pro- 
portion which ought to exist between the water to 
be pumped in, and the brine to be pumped out ; 
the difierenceis clearly the quantity which works 
the engine, and represents its power. Having 
calculated the necessary proportion of these two 
pomps, Field contrived this elecant apparatus. 
The feed pump was a tube through which the sea 
water was driven ; andwithm tluittube/Wasano- 
ther of the proper size through which the hot brine 
was driven out. Here, then, within the outer 
tube were two sti^eamsof water; the hot brine 
pasnng within and opposite to the stream of wa- 
ter which was forced mto the boiler. Whv, then, 
what happens ? The heat contained in the kine 
is constantly communicated to the cold water 
which passes in, so that none goes into the boiler 
at a lower temperature than 1(K)^, which is nearlj 
as hi^h as any feed could be expected. By this 
beauti&d expedient the heat which was carried off 
by the brine was caixied back by the water. 
« 
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But the most important feature of this invention is 
the mathematical certainty with which the pro- 
portion of the two pumps is determined. From 
all that I have been able to collect concerning it, 
I believe that this expedient will perfectly answer 
the purpose; and that it will keep the boiler as 
free fr€m salt as any expedient can be. 

These circumstances, perhaps, will sound of less 
importance in this country than they were felt to 
be m England ; for you appear to be just com- 
mencin^ the construction of sea-going steamers, 
in which, with the exception of the coast-vessels, 
until recently but little has been done. The Eng- 
lish, howev», have a large class of sea-steamers, 
of which yon see the type in the Great Western 
and the Cunard vessels. This country is about 
to enter upon the constructien of vessels for the 
National Mftrine, and in the first ship constructed, 
may be seen the free spirit which I have so often 
mentioned as striking a stranger with the most 
spprise on first coining to America. More novel- 
ties in mechanics and general science have been 
presented to me in this country within twelve 
months than I had ever seen in twelve years in 
En^and ; and this although I have exammed biit 
few vessels in this country, while I have seen 
thousands in the Old World. 

Three or four national vessels are to be con- 
stmcted in this country, and one of Ihem, the 
Mississippi, built at Philadelphia, so closely re- 
sembles the English steam-ships, that, after what 
I have already said, but few observations are now 
necessary. This is built closely after the English 
model, with some little variations of no material 
importance. The cylinders are nearly square; 
the beams are placed at the foot of the cylinder, 
and the boilers are made of copper, whi(^ are less 
liable to be incrusted by the d^xNution of salt, than 
those made of iron. The cost of copper boilers in 
England is almost three times as much as iron ; 
here it is not so great, and as they last twice as 
long, and in England three times as long as iron, 
the diff^^nce of expense is not material. There 
is, however, less reason for using copper in this 
country than in England, from the fact that you 
possess a quality of iron which, for boiler-plates, is 
quite superior to English iron ; of this I cannot 
Bpe9ik from personal experience, as I have not had 
an opportunity of examining it ; but I am given 
to understand that it is so frir superior that Iwilers 
of American iron are nearljr equal to the English 
copper boilers. For this reason it would prolMtbly 
be inexpedient to introduce copper boilers to any 
extent in this country. 

Another diflerence of considerable importance 
in construction between the Mississippi and the 
English vessels is in the valves. When the 
valve-rod in these large steam-engines is an im- 
mense iron bar, and the valves themselves large 
and heavy, it requires the force of several men 
to start them when the engine is first put in mo- 
tion. Here balance-valves are used, which are 
moved by the difi^nce of the pressure of steam 
upon their surfaces, one of which is made pur- 
posely larger then the others. They are, there, 
fore, easily started. [The theory of these valves 
was fully and clearly illustrated by a model.] 
These balance-valves, so &r as I know, have 
never found their way into Elngland. You may 
ask— Is there no objection tQ theni ? The- ie« 
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thii objection : that if the rod oonnectiiig the two 
valvM be not preciMly and pennane&tl j of the re. 
quiate length, the valTes will not accurately fit 
their Mats, and will thus allow a porticm of ■team 
to eM^ape. Thia, boweyer, I am informed ie leme- 
died by accuracy of ccmatruction and by vnng 
different metak for the connecting-rod, which wiQ 
prerent ite ezpanaon by heat, and ineuxe it to be 
always of the eame length. 
1^ Haying now dianiaeed the MiflnBaj^i, and hay- 
ing on a fivuMr evening eiplained tiie conetmc- 
tion of the engine of which EaioNON is the in- 
ventor, Fwin now brie^ notice the Mianuri, a 
■team frigate now being conetructed at this pcvt ; 
and here we see the freedom in the oonatmetion 
of eteam engines which I have mentioned aa never 
being witnMed in the English machineiy. 

I have already ■aid that one primary object in 
adapting eteam engines to purposes of marine aer. 
vice is that the engin«ry be kept between decks, 
and to diminish its altitude. We have seen how 
it is done in the English vessels, by placing the 
beam at the bottom of the cylinder, and by turn, 
jng a portion of the machin«Y upside down ; we 
have seen, too, that in the EffticasoN engine this 
is accomplished by halving the cylinder and {fac- 
ing the two parte upon their sides. Now, with. 
out taking so bold a step as the last,, and without 
adhering slavishly to the £n||rliflh models, the en. 
gine in the Missouri is placed m anincflbed plane ; 
the cylinder, i^aced upon wooden snpparts, is in. 
dined, and the valves employed are balaiice. 
valves. One advantage of this construction ii^, 
that it is not necessary to cut away the cron. 
beams of the vessel as much as in the other cases. 
The bulk of the engine is nearly the same, bu^ the 
weight and e^ense are from 10 to 15 percent, 
less. As to Ekicsson's engine, it is impossible 
to form an accurate estimate of the eipense, as itft 
construction is not yet comj^ete. 

On the evening next succeeding that on which 
the E^csson engme formed the subject, I made 
some remarks upon the peculiar propeller to be 
used with it ; but as, in oonsequenoe of the in^ 
demenov of the evening, few were present, I will 
again advert to the subject- The whed has an 
external resemblance to the screw, but it has none 
of Ite geometrical or mathematical properties.— 
The ust distinction to be noticed is, that this 
propeller is intended to be sub-aqueous. This will 
allow it to be worked as a selling and steam ves. 
eel at the same time, which is not the case with 
those in common use ; for the wind in the sail 
careening the ship to one side, the paddle-whed 
on the ouer will be out of the water. The com. 
mon paddle-wheel is abo subject to great inoon. 
venience .from a rough sea, idiich is entirdy ob- 
viated in this case. 

[That there was no lateral action to be.apm. 
heoded in this case, involving a loss of power, Dr. 
I^dner showed by a beautiful experiment, in 
which the eflSset of a r^id motion of the whed 
upon the air, which answered instead of the water, 
was eadiilnted.] 

With respect to the other branch of the subject 
announced ioa this evening, I shall merdy have 
tune to notice a few of the historieal circum. 
stances connected with the application of steam 
engines to railway purposes. . Yon aro all aware 
that the (lower^of the engine depends on the hold 



which the engine has iqmn the nil. When the 
whed resting^ipon the rail is turned about,^oBe of 
two things must evidently take fdace ; dther thcT 
whed must slip and the engine remain stationary, 
or if the wheel has sufficient hold upon the rail« 
the carriage with ito train must move forward. It 
is curious that a &et so material as that the whed 
has a bold wpon the rail should have been over- 
looked by engineers ; and that for many yt»n the 
engine should have been unapplied to railways 
mody for the sup p o s ed want of such a hold. It 
was supposed to be necessary that, in order to give 
any power to the whed* it most have a eertaia 
purchase; and as ndtae was aeen,'tliey oondnded 
there eenld be none. It never entered their minds 
to ascertain^ by direct experiment whether the 
whed had any sndi purchase. A thousand con. 
trivancM were devised to affiird some hold for the 
whed upon the rail. One was to make teeth in 
the rail and the whed, and another perron pro- 
posed to make a pair of mechanical legs, which 
should be placed the one before the other, and thus 
enable the carriage to walk off like any biped.— 
These are only two out of the various expedients 
suggested. At last it occurred to some one to try 
whether aangle carriage mi^tnot be drawn ov«r 
the railway by the jtrewure of the whed upon the 
rail ; and to his great astonidiment, he found that 
search had been diligently made for many years 
for that of which there was no need. 

When the engines were first applied to thd 
transportation oi passengers in England, en^. 
neers naturally enough directed their attention to 
oiUaining a high evaporating power, and as th^ 
power evident^ depended upon the rate atwhi<^ 
1 water could be evi^rated, the problem became, 
how to evolve from a liinitsd furnace as great 
heat as possible, and how to produce a sufficient 
draft for the fi^, as tall chimneys were not smL . 
missiUe. Tb» expedient lerorted to were ihsa^: 
a fiunaoe was placed behind the engine called the 
fire-jdace, dosed upon every ride, and the air 
which supfdied combustion rose between the 
grate bars. The fud used on the most rapid rail. 
ways in England is nothing but the best coke. 
Tins is put mto a high stete of combustion, so 
active, mdeed, that when the door of the Sse^ 
place is thrown open the eye can scarcely bear 
the qdendor of the blaze. Now the heated air if 
it were suffered to pass immediately into the 
chimney and there escape, would take away with 
it a large quantity offbeat. In order, then, to 
make it linger in contact with the water until 
it gives up all the lieat which can be extorted 
from it, this expedient was proposed by Mr. 
Booth, Treasurer of the Liverpool and Man. 
Chester Railway, who had^ for some time in the 
eariy part of his life, bean a merchant, and whose 
knowledge of mechanical science had been whoOy 
sdflacquired. In a locomotive used to transport 
coal, a large metal pipe was carried fmui the fire, 
place backward and forward through the boiler 
and then made to ascend the chimney ; the heated 
air thus had to pass tiirough and return, giving*, 
meantime, ito heat to the wuter. It was soon 
evident however, that this was insuffident Ibr 
the purpose, and a prize of JC1,000 or thereaboQts 
was proposed by the British Government for the 
best method of saving the heat. Several plaiMi 
were offered and the one adopted was ihe trayeneu 
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^ng the boiler with a great number of tubes, which 
-were at first some two or three inehes in diame- 
ter, but were afterward reduced to from one inch 
to an inch and a half. These tubes are from 
100 to 150 in number and the heat traversing 
them is imparted to the water. 

But it was soon found that by this arrangement 
the draft was insufficient to keep up an active 
combustion ; and I shall now mention a circum. 
fltance- whichf like a thousand others, shows the 
important part accident often plays in leading to 
important discoveries. So far as I have l^en 
«ble to ascertain, the ^covery of a most impor- 
tant principle in locomotive enj^inery is due en^ 
tirely to chance. . It happened m one of'>^e en- 
gines used in one of the Northern and cold coun- 
ties of England, the escape of the waste steam 
was attended with serious inconvenienee ; in fact, 
it became a perfect nuisance, and the engineer 
knew not how to rid himself of it. It finally oc | 
cilbed to him to send it up the chunney, and 
thus to let it pass ofi^ with the <6moke. . It weis im. 
mediately seen that he had here a power of tre. | 
mendous magnitude ; for the moment the steam 
passed into the chimney — as the engineer might, 
have ee&i by a little reflection, if he had any, 
would be the case — ^it acted like a powerful bel. 
lows, producing a draft in exact propoition to the 
quantity of steam used in the cylinder, Thi^ fire 
was thus regulated byji principle whidi acted in 
exact {»oportion to its wants. This plan was im. 
mediately adopted every where, and is now called 
the bleuit pipe^ and on a proper reflation of this 
depends the effici^icy of the engine. 

It is quite surprising to see what amount of 
evaporatiog power has been obtained by some of i 
the largest engines on the English railways. One 
on which I had occasion to make some experi. 
ments, was found to evaporate 200 cubic feet of 
Water in a single hour. Those conversant with 
steam will see what heat must be evolved to do 
this, since to convert water into steam in this way 
requires a heat three or four hundred degrees hot- 
ter than red hot iron. 

In English engines, the cylinder is placed un- 
der the machinery, and between the two wheels, 
buried, in fact, in the smoke-box. But in Ameri. 
can engines, a different arrangement is adopted ; I 
the cyhnders, being outside the wheels, are, there, 
fore, easily accessible, and have more space than 
in the other case. ' In the English engines, the 
power is applied by a crank ; but in the Ameri- 
can, by a pin in one of^the eipokes. 



Althoug^h the average speed of the British rail- 
ways, owing to the number of stoppages and 
other hindrances, is probably not greater than that 
in this country, still the rate at which the engines 
run while in active motion is greater than that 
known here. They generally go at the rate of 
from thirty to thirty-five miles an hour, and I 
have known them, on a regular train, exceed 
forty. This speed, when the. cylinders are out- 
side th^ wheels, is attended with an inconven- 
ience arising from the lateral motion to wliich it 
is liable, causing a continual strain ; but when 
the moving power is brought near the centre this 
is obviated. 

In the English engines there being nothing that 
corresponds with the perch of a carriage, great 
difficidty has been experienced in tunung short 
comers ; and if this be attempted when the engine 
is going with great speed, it will be thrown oft' 
the track. This gave occasion for a special re« 
port in the House of Commons, forbidding the ^ 
construction of curves upon railways wiith a radius 
of less than a mile. The consequence was that 
great expense would be incurred to avoid these 
curves. But had the cars been constructed with 
a perch, there would have been no difficulty in 
turning comers ; and on my arrival in PJuladel- 
phia,, I saw« what may never be seen in England, 
a train of cars entermg a town and turnmg a 
comer witii the greatest ease. This is accom- 
plished by a simple contrivance called a tmck 
frame. Your engines too are furnished with 
small weeels, called guide wheels, which are not 
found in the English, which are only capable -of 
going directly f(Hrward. 

IJie speed of your engines is not as great as 
thatiof the Engush, mainly because your wheels, 
— called drivers — ^are smaller than ours. . They 
are usually about four or five feet in diameter, . 
while on the Great Western Railway, they are 
from seven to ten. Tlie effect of the size of the 
wheels upon the speed of the engine is very ob- 
vious ; for with every revolution of the wheel a 
space equal to its circumference is passed over. 

But I find that this subject, although the time 
of this evening's lecture has quite expired, is stiU 
far from being exhausted ; and as this is the last 
evening of the course, I can only say that, if the 
same favorable disposition continue to be evinced 
by those who have attended these lectures, I 
shall hope to have a future opportunity of dis. 
cussing this most interesting subject more at 
length. 
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[While the foregoing was pasnng through the prefis, the following articles appeared in ** The New 
York Tribune," in reference to a Comet, or mippesed Comet, which made its appearance about the 
first of March, lliese articles, although not originaUy designed for any thing more than temporary 
newspaper existence, are not deemed inappropriate to the general scope of the present work.} 



' Fablic opiaion' seems to be greatly divided as 
to the genuineness of the strange Tisiter which al- 
arms or puzzles our hemisphere just at present. 
The Savant of Yale and the Editors of nearly all 
the papers who have said any thing of the matter, 
concur in the belief that it is a bona fide Comet, 
albeit it shows no head-— some saying that it has 
none and others that it is so near the Sub as to sink 
beneath the horizon before it becomes visible. 
The Washington papers, however, flatly deny that 
it has any rightful claims to Cometio dignity — but 
that it is nothing more than a fine exhibition of Zo- 
diacal Light, of which it gives the following de- 
scription :— 

ZODIACAL LIGHT. 

This interesting pbenomenoa in th^ heavens was 
noticed here on Menday night and also oa Tues- 
day and Wednesday nights. 

Zodiacal light appears in the morning before 
sunrise and in the evening after twilight. It is a 
pyramid, with the sun for its basis. The sides are 
not straight, but curved, as those of a lens when 
viewed edgewise. It is generally seen about the 
period of die equinoxes, when there is the shortest 
twiUgbt. This light resembles the milky way, a 
faint twilight or the tail of a comet. The intensity 
of the light, its shape and tints, may be varied ac- 
cording to ^e condition of the atmosphere, which 
is now remarkable for its cleamess. 

The zodiacal light was first described about two 
centuries ago, and the various theories respecting 
it may be seen by referring to works on astronomy. 

The subjoined description of this light, which 
we copy from the Eacydopasdia Americana, will, 
we dare say, be acceptable to eur readers, and es- 
pecially to those who have alarmed themselves 
with tlw apprehennon that this atmospheric phe- 
nomenon was a Comet, such as 

terror sheds 
On nzingf naUooa, from hU fiery train 
Of lens^ enormons. 

"Zodiacal Light — ^A triangular beam of light, 
rounded a little at the vertex, which is seen at cer- 
tain seasons of the year, before the rising and after 
the setting of the sun. It resembles the faint light 
of the milky way, and has ito base always turned 
towards the sun, and iu axis inclined to the hori- 
zen. The length of this pyramidal light, reckon- 
ing from the sun as its base, is sometimes 40 de- 
grees, and at others 150 degrees; and the vertical 



angle is sometimes 26 degrees, and sometimes 10 
degrees. ,it is generally supposed to arise from hh 
atmosphere surrounding the sun, and appeaA to 
have been first observed by Descartes and by 
Childrey in 1659 ; but it did not attract general at- 
tention till it was noticed by Dominique Cassini, 
(q. V.) who gave it its present name. If we sup- 
pose the sun to have an atmosphere, as there is 
every reason to believe from the luminous aur«ra 
which appears to surround his disc in total 
eclipses, it must be very much flattened at its 
poles, and swelled out at the equator, by the cen- 
trifugal force of his equatorial parts. When the 
sun,^ then, is below the horizon, a portion of this 
luminous atmosphere will appear like a pyramid 
of light above the horizoa. The obliquity of the 
zodiacal light will evidently vary with the obliquity 
of the sun's equator to the horizon; and in the 
months of February and March, about the time 
of the vernal equinox^ it will form a very great an^ 
gle with the horizon, and ought, therefore, to be 
seen most distinctly at that season of the year. 
But when the sun is in the summer solstice, be is 
in tbe part sf ,the ecliptic which is parallel to the 
equator, and consequently tbe zodiacal light is 
more oblique to the horizon. Laplace, however, 
has naade some objections to this theory is his M6' 
ehanique Celeste ; and Regnier is of opinion that it 
is owing merely to the refraction of the solar light 
by the earth's atmosphere. 

The Madisonian a^ds : — 

Cassini often mentions the great resemblance of 
the zodiacal lights to the tails of comets. M. Fatio 
has made the same observation ; and Kuler endea- 
vored to prove them owing to similar causes. The 
extent of the zodiacal light, from tbe sun to its 

Soint, is seldom less than 45, and sometimes 150 
egrees in length. The light seems to have ao 
other motion than that of the sun itself. It bright^ 
ness resembles that of the milky way ; and from 
its shape we should suppose it to be the same me- 
teor cidled trabet by the ancients, from its resem- 
blance in form to a beam or rafter. 

From the National Intelligencer. 
THE STRANGE LIGHT. 
Hydrografhical Opficb, Slarch 10, 184S. 
On Monday morning, the 6th, our attention was 
called to a paragraph in the newspapers stating 
that a CeMiT was visible near the sun at mid-^ay 
with the naked eye. The sky was clear; but, not 
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being aUe to discovsr any thing with the unsssisted 
eye, recourse was had to a telescope, without any 
better success. About sunset in the evening the 
esamination was renewed with great diligence, bat 
to no purpose. As the stars began to peep out, 
observers were multiplied. Capella, Rigil, Beta 
(B) in the Bull, Delta in Orion, and Alpha (A) in 
the Hare, came to the meridian, and their transits 
were marked by one observer ; while another, with 
clo8» attention, watohed through the fading light 
efv the western horizon for the Comet and its tail. 
The last faint streak of day gilded the west, beau- 
tiful and delicate fleec<^4 of tonder cloud curtained 
the bed of the sun, tlw upper sky was studded 
with stars, and all hopes of seeing the Comet that 
evening had vanished. 

Soon after we had retired, the officer of the watoh 
announced the appearance of the Comet in the 
west. The phenomenon was sublime and beauti- 
ful. The needle was greatly agitated: and a 
strongly marked pencil of light was streaming up 
from the path 4>f the sun in an oblic[ue direction 
to the southward and eastward ; its edges were 
parallel. It was about 1 deR. 30 min. broad and 
30 deg. long. Stars could be seen twinkling 
through it, and no doubt was at first entertained 
but that this was the tall of the Comet. The offi- 
cer of the watch was directed to search the eastern 
sky with the telescope in the morning, from early 
dawn, and before, till sunrise. Nothing strange or 
uncommon was noted by him. 

Tuesday was a beaatiful day ; the air was still 
and the sky clear. With the aid of the telescope^ 
a regular and systematic -examination ef the hea- 
vens was commenced. Every point of space within 
15 deg. of the sun, in all directions, was passed 
and repassed over and over again, through the 
field of the telescopes, and minutely examined, in 
the hope of discovering the Coi::\et itself. The 
entire day was occupied in thus exploring that 
portion of the heavens. In the afternoon a black 
spot, in shape not unlike a liberty cap, was dis- 
covered in the sun. But the day was fast declin- 
ing, and with the fading light of evening thd in- 
terest was too intense to turn away from the tele- 
scope for other and more exact observations upen 
this spot. 

The sun was clear, gilding, as it sunk below the 
hills, a narrow streak of wane cloud, seen through 
the tree-tops beyond the Potomac. 

The " tail" had appeared of great length for 
the first time the evening before ; therefore we 
expected to find its length this evening greatly in- 
creased. It was a moment of intense interest 
' when the first scars began to appear. The last 
rays of die sun still lingered on the horizon ; and 
at this montent, just about the region of the upper 
crepusculum, a well-defiaed pencil of hairy l^t, 
was seen pointing towards the sun. At 5h. 41m. 
siderial time, the first measurement ef length of 
the ** teil " was taken ; it measured 41 deg. to the 
horizon. At 6h. 19n. it had become most distinct. 
It was then 1 deg. 45m. broad, and 55 deg. long, 
not including the part below the horizon, which, 
supposing its terminus to be near the eun, could 
not, owing to the oblique angle which it made with 
the horizon, be less than 10 or 15 degrees more. 
It now commenced gradually to fade away, and j 
in a short time had entirely disappeared. The 
morning observations were diligently renewed, but 
nothing could be seen worthy of note. 
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occasionally obscured the sun; bat preparations 
were made for determining the right ascension and 
declination of the ** spot" on the disc of the sun ; 
if, perchance, that spot should prove to be the nu- 
cleus of the comet. At noon the clouds broke 
away from die sun, and, though the glass was of 
feeble power, the well-defined dark spot was dis- 
tinctly seen through it. The instrument itself was 
graduated to seconds, with micrometer readings ; 
and, while the sun was in transit, observations 
for apparent right ascension and declination of 
the '' spot " were made with the hope of reporting 
them the next day, and thence deducing its motions 
during the interval. A thickly clouded sky all of 
Thursday and so far of Friday (10 A. M.) widi 
every prospect of continuance, has not permitted 
this hope to be realized. Most of the afternoon 
of Wednesday the sun was obscured, or but dimly 
seen through masses of intervening clouds. It, 
however, set in a clear and narrow streak of red- 
dish sky, which was soon covered up by a bank of 
clouds 10 deg. high. Above this mass and upwards 
the sky was, fer the most part, clear ; and though 
evening was not favorable for the appearance of a 
** zodiacal light," the clear sky was watched with 
eager but confident expectation of again seeing the 
same beautiful phenomenon, which had excited our 
admiration and wonder for the two evenings pre- 
vious. Accordingly at 5h. 54m. siderial time, and 
much to the delight of ^1 present, this beautiful 
streak of light was dimly seen. In twenty minutes 
afterwards it was most distinct, spanning the 
southwestern sky with a faint nebulous arch, that 
reached away beyond Sirius to the East, and rest- 
ed on Epsilon in the constellation of the Great 
Dog. It meitsured 85 degrees in length above the 
horizon, far below which it seems to extend. At 
6h. 24m., just thirty minutes from its first appear- 
ance, this magnificent spectacle was lost in the 
gathering clouds. 

The next morning observations in the east were 
again renewed as before, but without discovering 
any traces of nucleus, tail, or zodiacal light. 

The sky has remained completely overcast up to 
the hour of writing, and no opportunity has occur- 
red for repeating the observations, by which the 
motions (if any) of the spot over the sun's disc 
might be approximated. 

Such, up to tho present time, is the history, and 
such has been the appearance of this phenomenon, 
as observed here. The return of clear weather 
and the accounts of other observers are anxiously 
looked for. So far my own observations are not 
sufficient to enable me to hazard more than a mere 
conjecture, much less would they justify any posi- 
tive assertion, as to whether this be the teil of a 
comet or not. If it be a comet, the probabilities 
are that it is receding from the sun, and will soon 
agaiB be lost to us. 

M. F. MAURY, Lieut. U. S. Navy. 

From tbe Frovidence Journal. 
THE COMET. 

Mr. Editor : At a moment when the public cu- 
riosiQr is stronglv excited by the appearance of an 
unlooked for aad very, remarkable Comet, a word 
upon the subject will not be out of place. 

Six or seven days ago vague rumors from abroad 
by newspapers and otherwise, announced that a 
Comet was to be seen, and stiU more, that it was 
to be seen at mid-day near the Sun's disc. We 
very sooQ satisfied ourselves that the latter part of 



94 



The Comet of 1843. 



thii report was unfovoded, and concluded, perhapt ll faint that it reqaiiea telescopes q{ oonndenble 



teo hastily, the same of the former. 

On the evening of Sunday, the 5ih instant, the 
weather heing very clear, the attentioa <^ many 
persons was attracted to a long, slender and slightly 
^rved beam of light in the western sky, which 
appearing in a very transparent atmosphere and 
pretty well defined, though not remarkably hright, 
eould not be confounded with those diverging beams 
which in a hazy air are often seen in the west after 
sun-set. On the evening of Monday, the 6th, as 
the twilight began to fiule away from a perfectly 
clear sky, the same slender beam of light re-ap- 
peared with increased brightness. It was first ob- 
served by the writer at 7 o'clock. The beam com- 
menced a little above the horizon, the oidinary ex- 
halations not permitting it to be seen lower, at a 
point 10 or 15 degrees south of west, and with the 
aid of a common finder to a telescope could be 
traced 45 or 50 degrees of a great circle,* making 
"^ith the horizon toward the south an angle of 
about 35 degrees. The breadth ar the lower point 
was about 2 degrees, or 4 times the diameter of 
the setting sun ; it grew broader toward the upper 
end — not exceeding, however, about 3 degrees at 
the widest place. • At the hour mentioned it was 
quite well defined, notwithstanding a strong twi- 
light and the presence ef the moon, seven days old. 
It was observed till a little after 8 o'clock, when 
the lower part had passed below the horizon, and 
the upper was lost in vapor and exhalations which 
always exist in the lower strata of the atm€»sphere.N 

There seems no reason to doubt that tkit bemm 
of light it the tail of a comet. The body, or nu- 
cleus, if there be any, is probably too nearly in 
range of the sun to be seen. The direction of the 
taU would evidently pass near the sun's place, but 
whether north or south of it is not certain. We 
are authorized, then, to speak of this new visiter 
as a Comet; and it is certainly the most remarkar 
ble one which has been seen for at least a century. 

We have said that it was unlocked for. Since 
the commencement of the Christian Era, five or 
six hundred different comets, or at least different 
appearances of comets, have been noticed. Of 
this number the orbits of about 140 have been 
computed. The orbits are nearly all of a parabo- 
lic fonn— that is, the path of the cemet does not 
return into itself. When it has left our system, it 
leaves to return no more, unless its course should 
be disturbed by the attraction of some heavenly 
body and its orbit changed. 

Three comets only are known to revolve in 
Ellipses, and to return at regular intervals. They 
are the following : 

1. Halley's, which has a peridd of about 76 
years. It passed its perihelion or nearest ap- 

f roach to the sun on the 16th of November, 1835. 
t will not again return till the year 1911. 

2. Eacke's, which has a period of 3 1-3 years, or 
more exactly 1207 days. This was last seen the 
spring of 1842. lu next return will be in the 
summer of 1845. 

- 3. Btela's, which has a period of about 6 3-4 
years, or more exactly, 2461 days. Its last return 
was in 1839. The next vrill be in 1846. 

The first ef these on its last appearance, though 
visible to the naked eye, was by no means con- 
spicuous or impressive. Its appearance on some 
of its previous visits, is described as terrific and 
alarming in the highest degree. The two last 
named^ Eacke't and Biela's^ are . so exceedingly 



power to see them at all. 

The present comet is remarkable for the length 
of its luminous train. The only conspicoeus 
comet within the last century, or since tin great 
comet of 1744, was that of 1811, the tail of which 
was 23 degrees in length. It has been observed 
thift those comets wl^ch appioach very near to 
the sun have their matter greatly diffused, th|^ 
producing long tails. On this principle, the^pr e- 
sent comet may be supposed to be near the sun. 

The following is given by Arago as the lengths 
of ttai tails ef some ef the most remarkable com- 
ets which are upon record : — 

Comet of 1811, length 23 deg. 

** of 1689, length 68 deg. curved like a 
Turkish sabre. 

Comet of 1680, length 90 deg. 
" of 1769, lengdi 97 deg. 

Thus the comets (^ 1680 and 1769 might be in 
the horizon setting, whilst a portion ef their tails 
would be in the zenith. Expressed in miles, the 
length of the former of these would be more than 
96,000,000. 

We, at first, entirely rejected the report that a 
comet was visible in the day time without the aid 
of glasses. Such testimonies have since been re- 
ceived as leave no reason todottbt that one or' two 
days of last week the present oomet was in such a 
position, and of such brightness, as to be seen at 
raid-day by the naked eye. This, though extrenaely 
rare, is not without precedent. ' 

The Astronomer Lalande mentions one which 
was seen at the death of Demetrius, King of Sy- 
ria, 146 years before Christ, which was said to be 
as large as the sun. Another appeared at the 
birth of Mithridates, which, according to the awe- 
struck chroniclers of that age, emitted mere light 
than the sun and embraeed the whole heavens. — 
But these accounts are evidently fabulous. 

The following remarkable cases, in the opinion 
ef the present eminent French Astronomer Koyal, 
Arago, are well attested : ' '. , 

In the year 43 before Christ, a " hairy slaf* 
appeared which could be seen in daylight with 
the naked eye. It is hardly necessary to add that 
the superstitious Romans considered this as the 
deification of the soul of Ceesar, who had been as- 
sassinated a short time previously. 

In the year 1402 after, Christ, two comets of 
great brilliancy appcyired. One of them was so 
bright that the nucleus, and evep the tail, could be 
seen at mid-day in March ; the other could be seen 
before, sun set. 

Cardan relates that in 1532, tlie curiosity of tho 
inhabitanU of Milan was greatly excited by " a 
star which could be seen at mid-day." Venus not 
being in a position to be seen at the time, the star 
of Cardan is believed to have been a comet. 

" The beautiful comet of 1577 was discovered,** 
says Arago, ** en the ISth day of November, by 
Tycho Brahe before sun set." 

We have before alluded to the great comet of 
1774. On the Ist of February this, accordKng to 
the Astronomer Cheseaux, was more conspicuous 
than Sirius, the brightest of the stars ; en the 8th 
it equaled Jupiter ; a few days after, it was only 
equaled by Venus. On the Ist of March it was 
visible to the naked eye for seve:al hours about 
mid-day. -. 

The present comet, on supposition that the iea- 
tinundes which have reached us shovld prove good. 



The Comet of 1843. 



95 



will nmk •maag the most extraordinary ever seen. 
It is no doubt moving with great rapidity. Should 
the evenings be cloudy for a week to come we may 
possibly not see it again. 

^ Time was when the appearaaoe of so strange a 
visitor, flaming through the firmament, spread uni- 
versal terror luid consternation. That time, we 
hope has, in a great measare, passed away to re- 
turn no more. But the world is evidently net yet' 
fully purged of the old leaven of ignorance and su- 
perstition. There would seem to be some among 
us who are incorrigibly bent upon making reason 
and common sense subordinate to the most AkWd- 
ish fears, and the most whimsical and prd^oster- 
ous fancies. Predicted martyrdom at the taiPof 
a comet would scarce surpass their credulity.— 
Whether there is any core for such ignorance and 
fears we know not. It may be well, however, for 
such to consider that comets are a part of the crea- 
tion which God made. They pursue their respec- 
tive and appointed courses with as much order and 
harmony, in respect to the great laws o( planetary 
motion, as do the members of our own little sys- 
tem. They are, so to say, messengers, from one 
system to another ; and come back to us from the 
long travel of a thousand years, to tmnounce to us 
that harmony and order pervade the Universe. 

Comets are not so rare as may at first be sup- 
posed. From 1802 to 1831, no less than 43 were 
seen. In 1826 five comets were seen, and all new 
ones. The probability is that about three new 
comets will be seen every two years. 

A remark or two we intended to make upon the 
probability of the Earth's being some time or other 
destroyed by the collision of a comet-. It is suffi- 
cient perhaps to say, diat the possibility of such 
collision is admitted. The probctbility oi it has 
been computed' with great care. The result is 
given by Arago. It may possibly minister some 
consolation to those who dread such a catastrophe, 
to be informed that the E^arth minds her own busi- 
ness and gives to all idle wanderers an immensely 
wide berth. The chances of escape are 281,000,- 
000 to 1 of collision* 

The effect, moreover, of such collision might ke 
very disastrous ; but the real probability is that 
the Earth would bear off in the upper regions of 
her atmosphere the diffused matter of many com- 
ets without in the least distarbing the composure 
of us poor mortals in these nether parts. 

We cannot hut hope, therefore, that this inter- 
esting visiter will remain with us long enough to 
fairly nmkethe acquaintuice, and leave us to carry 
to other and distant portions of the universe the 
sanoe welcome intelligence which it brings to us, 
that law, order, and harmony reign through 
boundless space. C. 

Brmpm Vnioenitw, March, 9tk, 1843. 



COMETS— Bt Laplack. 

Hon. Henry Meigs, a few evenings since, made 
some very interesting remarks at the exhibition dF 
tlM Planetarium by the American Institute at Nib- 
lo's Qarden upon the subject of ** Comett.'' In 
the course of them he read the following passage, 
which he translated firom the " Mecanique Ce- 
leste*' of Laplace : 

'* We are ceruin," says Laplace, "firom all the 
observations, and above all from the numerous 
coDBparisons of Mad^elyne, which De Lambre 
made ia order to conftruet the tables of the Sun, 
that the Comet of 1770 did not alter its 



year two seconds and eight thirds of dme. Hence 
we are certain that its mass is not one fiee ikour 
samiiCh, pttrt oi that of our Earth. 

It results from the calcukition of the preceding 
chapter, that this Comet traversed the entire sys- 
tem of the Satellites of Jupiter, and yet it does 
not appear to hane caused the slightest attera- 
Hon amumg them t 

Comets do not sensib^ disturb the motions of 
the Planets by their attractions.— But even if in 
the immensity ef ages past, some of them have 
encountered those bodies, as is very probable, it 
does not appear that the shock could have any 
great injluenee. 

If one of those Comets which may have encoun- 
tered the Moon or a Satellite of. Jupiter, had been 
of a mass equal tO our Moon, there is no doubt it 
would have rendered their orbits very eccentric. 

Besides, Astronomy presents us two other very 
remarkable phenomena which appear to date from 
the v«ry origin of the Planetary system, and which 
an inconsiderable shock would have caused to dis- 
appear. I mean the equality of the rotations of 
the Moon, and the librations of the three first 
Satellites of Jupiter, 

It is .easily seen by the formula contained in the 
fifth chapter, as well as in the preceding chapter, 
that the shock of a Comet of one-thousaadth of 
the mass ef the Moon, must have caused very sen- 
sible alterations in the Teal librations of the Moon 
i" and of the Satellites. 
We may rest assured, as to the true influence of 
Comets,' Astronomers have no reason to fear any 
injury from them to the exactness of their Astron- 
omical tables. 

~ For Tbe Tribune. 

THE COMET. 

Messrs, Editors: The ''strange light'' in the 
south-western sky, whether a Comet or other phe- 
nomenon, is certainly not the zodiacal light, to 
which most seem inclined to refer it. * 

The zodiacal light, according to Biot, *' is al- 
ways directed in the plane ef the solar equator, 
which is nearly coincident vrith that of the eclip- 
tic;" and ''its name is derived from a zone called 
the zodiac, extending eight degrees on each side 
of the ecliptic, within which zone the luminous ap- 
pearar.ce in question is always comprehended.^^ 

The ^ strange light" under discussion, instead 
of being comprehended within the zodiac, on Sa- 
turday evening, touched with the northern side of 
the eastern extremity the star Gamma Eridani, 
which is fourteen degrees south of the equator, 
while the southern limit of the zodiac at the cor- 
responding point is twelve degrees north of the 
equator, &us making the " strange light" twenty 
six.degrees seudi ef the limit within which the 
Bodiacal light is " always comprehended." Those 
in the least acquainted with the heavens will ap- 
preciate the discrepancy when told that it pointed 
to Sirias, instead of to Aldebaran and the Pleiades. 

The hypothesis of the zodiacal light being thus 
entirely out of the question, the decision lies be- 
tween a Comet and some novel phenomenon, and 
the probabilities are almost infinitely in favor of 
the former. The only hesitancy is caused by the 
invisibility of the nucleus, but we may easily sup- 
pose this to be hidden by the mists which always 
dim the horizon, and we shall then be at full liber- 
ty to believe it a ma^^iuficent "Sunon Pure'^ 
Comet* Q. 
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THE « STRANGE LIGHTS^' AGAIN. 
HTDmo«RA»HiCAi. OrFic^» Umttk 11, IMS. 
Advftntftge was taken of the clear sky this morn 
ing to examine the disc of the sun for the spot 
which so much attracted our attention and excited 
our speculation a few dajs ago. It was gone ! 
Subsequent observations may enable us to deter- 
mine whether or not this spot was the nebula of a 
Gemot. • 

The wiad was high and the sun unobscured after 
10 A. M , and, though the day was very unfavor- 
able for observations, search for the Comet was 
diligently renewed. It could not be seen. 

From sunset till the stars came out, our tele- 
scopes were intently pointed to the western sky, 
with the hope of catching at least a glimpse of the 
Comet through the fading twilight. But we were 
compelled to content ourselves with admiring the 
wonaerfttl beauty and grandeur of its train, the 
first traces of which were seen at 6h, 3m. sidereal 
time. At 6h. 28m. its greatest breadth was 1 deg. 
40 min., as nearly as could be ascertained, for the 
bright moonlight rendered the measuremeat imper- 
fect. The curve, before described, was again seen 
this evening, and in the same position, but much 
more indistinctly. At ten minutes after 9 o'clock 
the tail had not gone down, but had gradually fad- 
ed away in the haze of the west. 

Compving my own observations with the ac- 
counts which have already reached us from difTer* 
ent parts of the country, there appears now to be 
but little doubt but that this is the tail of a Comet, 
and that the head itself has been seen at mid-day 
in the East with the naked eye ; if so, for length 
of tail and magnitade of nebula, it may be classed 
among the most remarkable that have ever appear- 
ed. In the year 43, B. C, historians tell us of a 
hairy star that was seen by day light. In the year 
A. D. 1402, two Comets were seen in broad day, 
and the tail of one of them at noon. Tycho Brahe 
discovered a Comet by daylight in 1577. The 
Coin(Bt of 1744 could be seen ia the day time with- 
out the aid of glasses. lu tail, though not so 
long as this, was curved, and formed an arc of 90 
degrees ; though, for a part of the time, it had 
several tails, the length of which varied from 30 
degrees to 40 degrees. 

The Comet of 1680. the most celebrated of mo- 
dem times, had a tail computed at from 70 to 90 
deg. That of 1618 had the largest tail on record, 
104 deg. ; and this vies with that in length. 

" The tail,'* says Vince, in his Astronomy, " in- 
creases as the Comet approaches its perihelion ; 
immediately after which, it is longest and most la- 



miooos, and then it is a little beat and oonvax to-( 
wards those paru to wbkh the ConeC is moviag;; 
the tail then decreases.'' 

If this Comet has obeyed this rule, it baa already ' 
doubled the Su|i, and is now en its way baek, to be | 
again lost in the regions of space. 

M. F. Madrt. Lwat. U. S. Navy 
[Nat. Iqfelligenoer. 

Thi Coxet of 1843.~ifr. Editor : This day, 
Feb. 28, a comet of great brilliancy has been seen, 
visible through the day without the aid of a glass, 
and its briUiancy almost equal to that of VenUs. 
Its situation is very near the eastern limb of the 
sun ; its tail appears about 3" in length. It may 
be the comet announced some three months- sinoe 
in Europe ; it was then traversing the constella- 
tion Draco ; be it that or another it is of rare bril- 
liancy. There are but three on record of saffic^ent 
brilliancy to be seen in the day season. The first 
was 43 years before Christ, and is called a ** hairy 
star ;'' it was seen with the naked eye in the dty 
time. The second was in the year 1402, and it 
was so brilliant that the light of the sun, at the 
end of March, did not hinder people seeing it at 
mid-day ;j^both its nucleus and its tail were, to use 
the language of the dsy, " two fathoms long."— 
The third appeared in Feb. 18, 1744, and nearly 
equalled Venus in splendor, and many persons saw 
it at mid day without glasses. It may yet prove 
that the comet of to-day is the same as that of 
1402. Three observations only are necesianr to 
calculate its orbit, the elements of which, if previ- 
ously registered, will enable astronomers to decida 
whether the comet under consideration has 
peered or not. 

Of 504 comets that have entered the solar sys- 
tem, 24 have passed between Mercury and the 
Sun, 47 within Venus, 58 between Venus and die 
Earth, 73 between the Earth and Mars, and 3(6 
between Mars and the orbit of Jupiter, and m 
casualty has occurred to primary or satelite. The 
comet of 1770 passed through the system of Jupi- 
ter virithout producing the slightest effect ; stlU 
many people are alarmed at the appearance of 
these erratic bodies, these rail cars of the stellar 
regions, the mystery of whose office and destiny 
makes their astronomy of intense interest. 

With reference to the danger of a comet's strik- 
ing the earth, we here add that the comet filieke^ 
whose period is only 1,207 days, aad neareat tfaa 
earth of all the comets known, cannot come ift 
collision short of a period of 219,000,000 of yearS| 
which calculation is based upon astronomical ftctai 

[New Bedford Memtry. 
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